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Will not freeze in any weather 


UMORITE—the new Du Pont dynamite which gives you 


over 14 more work for your dollar—is non-freezing. 







By rigorous laboratory tests and extensive field operations we 
find that Dumorite can be shot successfully at any temperature. 
It is just as good in below-zero weather as in the summer time. 









Stick for stick, Dumorite does approximately the same work as 
40% dynamite, but you can buy 135 to 140 sticks of Dumorite 
at the same price as 100 sticks of “40°.” And Dumorite is a 
guncotton-nitroglycerin dynamite that will not cause headache. 









Dumorite is being used successfully in most kinds of explosive 
operations. Write our nearest branch office giving details of your 
particular work and let our Service Department solve the problem 
of fitting Dumorite to your job. Let Dumorite reduce your ex- 
plosives bills for 1922. 








E. I. du Pont de Nemours & Co., Inc. 


Explosives Department 






Wilmington, Delaware 





BRANCH OFFICES: 








Birmingham, Ala. Denver, Colo. New York, N. Y. San Francisco, Calif. 

Boston, Mass. Duluth, Minn. Pittsburgh, Pa. Scranton, Pa. 

Buffalo, N. Y. Huntington, W.Va. Portland, Ore. Seattle, Wash. 

Chicago, IIl. Kansas City, Mo. St. Louis, Mo. Spokane, Wash. 
Springfield, Ill. 






Du Pont Products Exhibit 
Atlantic City, N. J. 
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NEW YORK 


Most of the famous buildings of the world 
are equipped with Otis Elevators 


Tue WOOLWORTH TOWER —the tallest office building; the 
Equitable—the largest; the Singer Building—in fact most of the 
buildings that make up the best known sky line in the world, are 
equipped with Otis Elevators. 

Few people realize the amount of wealth of Manhattan Island that is due 
to the creation and development of modern vertical transportation by the 
Otis Elevator Company. New York City could not grow wider hem- 
med in as it was by the two rivers and the bay. It 4ad to grow skyward. 
And now, the Otis Elevators in New York City carry daily more 
than twice the number of passengers carried by all the traction lines of 
New York—subway, surface, elevated and railroads. 

Nothing short of a book would adequately tell the story of Otis in 
New York alone. 


OTIS ELEVATOR COMPANY 
Offices in all Principal Cities of the World 


‘ 
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Single-row, deep-groove 
Double-row, maximum Conrad type, radial bearing. 
type, radial bearing. 





| —a Wide Variety may 
es ann of Types and Sizes Gentine eee 





Whatever your ball bearing require- 
ment—there is a type and size of Strom 
Bearing to meet it. 

They are correctly designed, made of the 
highest grade materials and heat-treated 
by the most modern and approved 
methods. 


Sire! 


Skilled workmen and careful inspection 
are employed in every step of their 
manufacture. 

“Wherever a shaft turns” you can thus 
be sure that Strom Bearings will give 
maximum service under the most exact: ° 


Angular contact pe pi | 
—combination radial an 
thrust. 





ing conditions. Single-acting thrust panties 
. ° with flat seat ooved races). 
Strom engineers will be glad to work 1100-F Series. 


with you on any bearing problems you 
may have. You will find their special- 
ized experience to be highly valuable 
in determining the type and size of 
bearing which will give the best results. 


U. S. BALL BEARING MFG. CO. 


mn (Conrad Patent Licensee) 
Gieikiaaidbin allalianing 4500 P. almer Street 


h beari ith leveli 
ao Dine. Cuicaco, ILtrno1s 
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(188) Double-acting thrust bearing, 
flat seats. 2100-F Series. 





Double-acting, self-aligning 
thrust bearing. 2100 Series 





Single-acting, self-aligning 
thrust bearing. 1100 Series, 


Single-acting, self-aligning thrust 
bearing, leveling washer. 1100-U Series. 
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HE possibilities of coal-tar are not yet 

exhausted ; there are still in the unre- 
vealed crypts of Nature unsuspected pos- 
sibilities of even greater importance and 
usefulness than those which have been 
uncovered. 


The chemical student at college, and the 
more advanced investigator who has already 
passed out into the ranks of commercial 
activity have still fields of accomplishment 
before them which are well worth the earnest 
and enthusiastic attention of those who 
desire to serve mankind, and leave a lasting 
monument to their own ability. 


It is in the hands of our chemists that 
the welfare and contentment of the people 
chiefly rest. 
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National Aniline and Chemical Company, Inc. 


New York Chicago Charlotte Toronto Philadelphia 
Boston Hartford Montreal Providence San Francisco 
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OPPORTUNITIES FOR THE CLASS OF 1922 


“There is unquestionable evidence of 
an improvement in business, and no 
doubt this year’s graduates will experi- 
ence much less difficulty in securing 
employment than did those who gradu- 
ated last year.” 

These encouraging words are con- 
tained in a letter from Mr. H. K. Hath- 
away, head of a Philadelphia firm of 
consulting engineers. Following a cus- 
tom inaugurated during the first year 
of its existence, THE TECH ENGINEERING 
News wrote in April to a number of 
men prominent in the industries, with 
the view of obtaining their personal 
opinions regarding industrial conditions 
to be faced by this year’s graduating 
class, and with the special desire for 
information as to the fields offering the 
greatest opportunities at the present 
time. 

More than a dozen replies have been 
received, and while their general tone 
is in no wise prophetic of a speedy 
return to the “boom” conditions of the 
years immediately following the armis- 
tice, still the number showing a pessi- 
mistic attitude is decidedly in the 
minority. The consensus of opinion 
would indicate a slow but healthy re- 
turn to pre-war conditions, with none 
of the dangerous elements of over- 
inflation so prevalent during the post- 
war wave of extravagant and reckless 
finance. 

Referring to certain sacrifices which 
every young engineer must make at the 
start, but which may be greatly to his 
advantage in the long run, Mr. Hatha- 
way writes as follows: 

“My experience has convinced me 
that one of the greatest misfortunes 
which can befall a young engineer im- 
mediately after graduating is to take a 
position which starts him too far up 
the ladder, with the result that he misses 
the opportunity of his life-time to ac- 
quire a certain type of practical experi- 
ence, a knowledge of men, and the 
development of that spirit of self-reli- 
ance and: of those traits of character 
which are indispensable in later life, 
if a man is to handle successfully the 
larger problems of engineering and 
management. 

Unfortunately, when we are young 
men the advantages of the immediate 
present often appeal to us so strongly 
as to obscure and divert us from the 
course along which our future interests 
best lie. 

I want to reiterate something which 
I have often said. Every engineering 
student should at the earliest possible 
moment decide upon the work which 
he intends to follow; that is, whether 
it shall be the more technical side of 
engineering or whether it shall be man- 


agement. He should settle upon the 
specific branch of engineering or in- 
dustry to which he proposes to devote 
his life, even going so far as to decide 
upon the company with which he in- 
tends to identify himself. Having set- 
tled these points he should be prepared 
at the start to make any sacrifice to 
carry out his plans. Frederick W. 
Taylor established a precedent when he 
took a job at the Midvale Steel Works 
after having completed his. apprentice- 
ship. Being unable to get a job there 
as a machinist he took what he could 
get, a job as a common laborer, and 
the records show that it did not take 
him long to rise to the highest position 
in that company, as Chief Engineer and 
Works Manager. 

The man going into the operating 
side of industry should definitely plan 
to secure experience first as a workman, 
after which his ambition should be to 
become a foreman and next to become 
a superintendent. He should not expect 
to get through this in the course of a 
short period of time. Indeed, one of 
the things he ought to be on his guard 
against is permitting himself to be ad- 
vanced too rapidly, thus losing some- 
thing which is more valuable than the 
increase in pay which he would receive 
in the case of too rapid advancement. 
When I speak of gaining experience as 
a workman, I do not have reference to 
what are termed ‘Special Apprentice- 
ship Courses.’ It would be very much 
better in securing this experience if 
no one knew that the man had had any 
greater advantages — educationally or 
socially —than the general run of work- 
men among whom he is placed.” 

With regard to the field of consulting 
engineering, Mr. Harold V. Coes, ’06, 
of Ford, Bacon & Davis, Inc., has the 
following to say: 

“If a young man desires to ulti- 
mately enter the engineering field in a 
consulting capacity, it is highly desir- 
able that he obtain as broad experience 
as possible prior to his entry into a pro- 
fessional engineering organization. He 
should gain his knowledge of operation 
from actual experience in operating, 
or should so arrange his post-graduate 
work as to be able to spend the neces- 
sary time in different establishments 
securing first hand knowledge in opera- 
tion. 

By that, I mean actual work in the 
factory, foundry, shop, or construc- 
tion camp, as the case may be. Later, 
as he acquires the necessary knowledge 
of fundamentals, he will be given more 
and more important executive or semi- 
executive assignments, until ultimately 
he has reached a point where he has 
a fairly wide range of operating and 


construction experience. This is the 
experience that is necessary for success- 
ful work in professional industrial en- 
gineering. 

The income tax laws have brought 
with them a host of problems, many 
of which are fundamentally engineering, 
such as the determination of invested 
capital, depreciation, obsolescence, de- 
pletion, losses in useful value, so that 
there is and likely to continue to be, 
as the Income Taxes have come to stay, 
an opportunity for a man with engi- 
neering training, a rudimentary knowl- 
edge of the law, an analytical mind 
and the ability to apply economic laws 
and principles to a given situation. For 
those who desire to specialize in the 
engineering phases of tax matters, there 
is this course: first, to go into a lawyer’s 
office; second, to gain first-hand experi- 
ence in some one of the units of the 
Internal Revenue Department; and 
third, to identify themselves with some 
professional organization or engineer- 
ing organzation that specializes in these 
matters. 

To summarize: men planning to ulti- 
mately follow the consulting engineer- 
ing profession, particularly the indus- 
trial branch, should first secure places 
in the operating departments of manu- 
facturing establishments. It is by no 
means necessary nor is it desirable to 
put all the time in the largest organiza- 
tions, for sometimes the most highly 
efficient and economically organized 
establishments are the small ones, and 
a young man’s experience under a cap- 
able executive in such an organization 
would be invaluable.” 

A summary of the engineering field 
from the viewpoint of an industrial en- 
gineer is to be found in the following 
contribution from ~Mr. Carle M. Big- 
elow, of the firm of Cooley & Marvin 
Co., Boston: 

“Based upon a knowledge of condi- 
tions in several hundred American in- 
dustrial plants and businesses, there 
appear to me to be four major lines 
for the engineering graduate to investi- 
gate in an endeavor to place himself. 

First, there is a constantly growing 
demand for engineers in purely busi- 
ness capacities; that is, as presidents, 
treasurers, general managers, sales 
managers, etc., of corporations. The 
preparation for filling such positions 
for the engineer has usually been to 
work up through the shops, but I believe 
that another approach to these positions 
would be for the engineer to go directly 
into the offices of such corporations, 
working in the purchasing departments, 
for, after getting such practical experi- 
ence of the actual conduct of the ad- 

(Continued on page 50) 
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RECENT DEVELOPMENTS IN DIESEL ENGINES 


By OTTO NONNENBRUCH 


Assistant Chief Engineer, Oil Engine Department, Blake and Knowles Works, East Cambridge, Mass. 


_ The most convenient starting point 
for a good understanding of Diesel 
engines is the automobile engine, be- 
cause everyone is familiar with it and 
because the two types are fundament- 
ally alike. In the automobile engine, 
which is essentially a gas engine, a 
mixture of fuel and air is taken into 
the cylinder, compressed, ignited, and 
burned. This is a satisfactory and 
simple method as long as the fuel is a 
gas, or readily transformed into a gas; 
otherwise it does not work. Not even 
kerosene, which is a comparatively 
light fuel, can be handled 
easily, and still heavier fuel 
oils cannot be handled at all. 
Great efforts have been made 
to overcome this difficulty, 
but without “much success. 

The principal advantage 
of the Diesel engine lies in 
the fact that it can burn 
cheap fuels. It can run on 
any fuel oil even if it is 
so thick that it has to be 
heated in order to flow. This 
is due mainly to the much 
higher temperature and com- 
pression pressure in the cyl- 
inder previous to ignition, 
which create conditions in 
which heavy. fuels can be 
burned instantly and com- 
pletely. Its high maximum 
pressure makes heavy con- 
struction necessary, and for 
this reason the extremely 
low weights per horsepower 
obtained in some gas burn- 
ing engines have not been approached. 
Also the correctly timed injection of 
the fuel into the cylinder has required 
a more or less complicated mechanism. 
Compared with gas burning engines, 
its disadvantages are of minor consid- 
eration in large, slow speed installa- 
tions, but have stood in the way of 
adoption of Diesel engines for pur- 
poses in which light weight and high 
speed are essential. 

In looking over the recent develop- 
ments in Diesel engines we find changes 
in the method of injecting fuel which 
help to overcome some of these disad- 
vantages. The problem of mixing fuel 
with the available air in the cylinder 
is, of course, much more complex than 
in the gas burning engine where fuel 
and air are taken in simultaneously and 
are in contact during the whole com- 
pression stroke. In the Diesel engine, 
with nothing but air in the cylinder 
until the piston approaches the head 


Worthington Pump and Machinery Corporation 


end dead center, the charge of fuel 
must be injected, thoroughly mixed 
with the available air, ignited, and com- 
pletely burned in an extremely short 
time and at a controlled rate during 
the very first part of the outstroke. 
For many years only one method 
seemed successful; namely, injection 
of the fuel in the form of a fine mist 
by means of an air blast. As the space 
into which the fuel is to be injected is 
under about five hundred pounds pres- 
sure per square inch (the standard com- 
pression pressure of Diesel engines), 





TWO DIESEL DRIVEN GENERATOR UNITS 


The engine on the right, a modified submarine type, delivers 1200 H.P. 
aga‘nst the 600 H.P. delivered by the larger but older 


model on the left. 


the air blast has to be furnished at a 
very much higher pressure in order to 
inject the fuel with sufficient energy. 
This air has to be continuously sup- 
plied by an air compressor which, in 
most cases, is attached to the engine. 
The period during which the injection 
takes place, and also the rate of in- 
jection, are controlled by a mechan- 
ically operated spray valve which 
opens just before the piston reaches 
dead center, and remains open for a 
small fraction of the outstroke, inject- 
ing fuel into the cylinder at such a 
rate that its combustion approximately 
keeps constant the pressure behind the 
receding piston. This is one of the 
characteristics of the Diesel engine. 
There is, of course, a limit to the total 
amount of fuel which may be injected 
fixed by the available amount of air, 
or by the part that may be reached by 
the fuel. If more fuel is injected the 
resulting incomplete combustion de- 


posits carbon in the engine, and im- 
pairs its operation. 

In large size engines air injection is 
still the rule. However, the necessary 
high pressure air compressors are com- 
plicated, delicate mechanisms that, even 
to-day, are a source of trouble and an 
added expense. Still there is much in 
favor of this system because it is un- 
equalled in the completeness of its com- 
bustion. In small size engines, and es- 
pecially when simplicity becomes the 
outstanding requirement, the elimina- 
tion of the air compressor has always 
been considered very desir- 
able. Great efforts have been 
made in this direction, but it 
has taken a long while to ob- 
tain practical results, and 
only during the past few 
years has real success been 
achieved. 

Excellent engines have 
recently been put on _ the 
market which inject the fuel 
without the aid of air. The 
term “mechanical injection” 
has become generally adop- 
ted for this type of engine. 
The main difficulty lies in 
the fact that the two prin- 
cipal demands for effective 
injection; first, fine atomi- 
zation; and second, distribu- 
tion of fuel over all available 
air contradict one another 
because fuel as soon as it is 
finely atomized loses all pen- 
etrating power and can no 
longer move by its own kin- 
etic energy. Unless carried by an air cur- 
rent it will stop and remain suspended 
wherever it reaches the state of fine 
atomization. However, satisfactory re- 
sults have finally been obtained by 
driving the fuel into the cylinder at 
extremely high speed through fine care- 
fully arranged orifices. As the piston 
and the cylinder head in this case can 
be built like those of ordinary air in- 
jection engines, the solution at first 
glance appears simple, but closer analy- 
sis of some of the engines built on this 
principle shows mechanical complica- 
tions which make. it doubtful whether 
anything has been gained in simplicity 
over the air injection engines. Since 
the orifices through which the fuel is 
driven are in some cases less than one 
one-hundredth of an inch in diameter, 
and since the pressure required to get 
the fuel through these orifices in a suf- 
ficiently short time very often exceeds 
four thouand pounds per square inch; 











May, 1922 


pumps and injection timing valves be- 
come elaborate mechanisms. 

The latest and best solution of the 
problem works on an entirely different 
principle. A space is separated from 
the main cylinder volume by a more or 
less pronounced restriction so that pres- 
sure differences between the two com- 
partments cause air currents which dis- 
tribute the fuel. With this method 
elaborate provisions for making the 
fuel spread by pressure injec- 
tion become unnecessary. The 
more effective the air currents 
are, the less the degree of re- 
finement required in the fuel 
injection system. The result is 
an engine of greatest simplic- 
ity. The development of such 
an engine has required much 
experimenting, guided by reas- 
oning and calculation. 

One of the latest engines 
of this type is the Worthing- 
ton two cycle Diesel engine. 
In this engine the combustion 
chamber is divided into two 
parts. The larger part is a 
simple dome at the apex of 
which is an orifice through 
which the fuel enters the cyl- 
inder from the smaller part 
which is the injection cham- 
ber. The compression pres- 
sure is carried sufficiently high 
to cause self-ignition. Partly 
due to the combustion of fuel 
to a small degree in the upper 
compartment, and partly due to the re- 
ceding of the piston, a strong current of 
flaming oil and air flows through the 
opening between the two compartments 
mixing all the fuel with the available 
air and causing complete combustion. 
The proportions of the two chambers, 
and of the orifice between them, and 
the manner in which the fuel is injected 
are all so chosen that the combustion 
maintains the pressure behind the re- 
ceding piston for a part of the out- 
stroke. The means of injecting the fuel 
are extremely simple. A pump, oper- 
ated by an eccentric on the crankshaft, 
delivers a charge of fuel through a 
group of amply large holes, without 
any timing valve, into the small injec- 
tion chamber. The pressure required to 
do this is only a little above the pres- 
sure in the cylinder. The delivery is 
exactly timed by the pump itself, and 
the amount variable by the 
governor. The resulting com- 
bustion is complete, and the 
fuel consumption low. Engines 
of this type have now been 
brought to such perfection 4 
that they equal the air injec- 
tion engines in performance 
and exceed them in simplicity, | 
so that future prospects are 
particularly promising. iad 
Everything that we have 
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dealt with so far concerns only a small 
part of the engine; namely, the details of 
fuel injection and combustion. The rest 
of the engine is equally important, and 
the progress during the last few years 
equally marked. As it has been men- 
tioned, the Diesel engine is essentially 
heavy on account of the high pressure 
in the cylinder, and slow on account 
of the method of fuel injection. Sub- 
marine engines required just the op- 





WORTHINGTON DIESEL ENGINE, 200 H.P. SIZE 


This two cycle engine is of the latest type, having the solid 


injection system of fuel feed. 


posite characteristics; namely, light 
weight and high speed; and caused a 
forced development in this direction. 
The resulting engines have in their 
construction much similarity with auto- 
mobile and other light weight, high 
speed engines because many of the 
principles which lead to light weight 
apply to both of them. A submarine 
engine, therefore, has at least six cyl- 
inders, sometimes ten, because that 
makes the cylinders small and allows 
a higher number of . revolutions per 
minute, and lower weight per horse- 
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power. In order to obtain rigidity with 
low weight, the frames, and in the latest 
engines, even the cylinders, are tied 
together into one continous block. All 
running parts are continuously flooded 
with oil from an interconnecting sys- 
tem of holes extending through the 
crankshaft and connecting rods. The 
escaping oil is collected in the base and 
pumped back into the system by a large 
pump. Such submarine engines have 
been built up to three thousand 
horsepower with an average 
weight of fifty pounds per 
horsepower. Their reliability 
has been demonstrated beyond 
doubt. 

This development had great 
influence upon the design of 
Diesel engines in general, and 
led away from the old types. 
The question today is, how 
far should one go in light 
weight design for ordinary 
purposes. The submarine en- 
gine is an extreme case, too 
expensive and too delicate to 
be commercially successful, 
but it can be modified, the 
speed and the mean pressure 
can be lowered, cast iron 
substituted for the more 
expensive materials, all re- 
finements necessary for sub- 
marine service can be left off, 
and the result is an engine 
of great reliability and of 
comparatively low weight and 
high speed. 

All modern engines show a tendency 
toward low weight and high speed, al- 
though in general a type a little heavier 
than the illustrated modified submarine 
engine is considered best practice for 
stationary and commercial marine in- 
stallations. 

The Worthington engine is an ex- 
ample of this type. This engine is 
equipped with a crosshead which is a 
very great advantage as it allows a 
stuffing box to be placed between the 

(Continued on page 43) 





A SECTIONAL VIEW OF THE 200 H.P. ENGINE 
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THE VOLATILITY OF MOTOR FUELS 


By DANIEL P. BARNARD, 4th, '20 


Research Associate, Research Laboratory of Applied Chemistry, Massachusetts Institute of Technology 
Investigation financed by the Yale and Towne Manufacturing Company 


In the early days of the automobile, 
with highly volatile gasoline a drug on 
the market, the carburetor needed to be 
nothing more than a metering device. 
There was practically no doubt that. 
even in cold weather, the gasoline would 
be almost completely evaporated and 
thoroughly mixed with the air, gener- 
ally in the inlet passages, and certainly 
at the end of the compression stroke. 








FIGURE 1. DISTILLATION CURVES 


With present day gasoline this is no 
longer true. It has not been possible 
to meet the enormous increase in fuel 
demand with a comparable increase in 
crude oil production. The result has 
made it necessary to use a_ larger 
- amount of the less volatile fractions of 
the crude oil. Even in normal summer 
weather probably not over half of the 
gasoline is evaporated in the typical 
inlet manifold, and in winter but a 
small fraction is volatilized. As a re- 
sult, the distribution of the fuel to the 
cylinders is not uniform in a multiple 
cylinder engine. In order to make all 
the cylinders fire, it is often necessary, 
especially in the case of the o!der cars 
with poorly built intake systems, to en- 
rich the mixture in some of the cylin- 
ders. The fuel settles in pools in the 
inlet passages and is swept along the 
walls of the manifold to the cylinders 
in an irregular manner. In consequence 
sometimes the end cylinders are starved 
or loaded, sometimes the intermediate 
ones. 

In figure one are shown the distilla- 
tion charts of several typical fuels. The 
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curve for “Fighting Grade Aviation 
Gasoline” corresponds roughly to that 
of the average motor fuel of fifteen or 
twenty years ago. Today this grade of 
fuel is difficult to obtain and costs 
nearly twice as much as the ordinary 
motor fuel. The two curves for “Motor 
Gasoline” are typical of fuels which 
were marketed during the past year in 
different parts of the country. The “So- 
cony” gasoline was obtained from a 
filling station in Cambridge, Mass., and 
the “Red Crown” gasoline is a sample 
of a fuel which is widely used through- 
out the Middle West. The curve for the 
“Socony” kerosene, while not represent- 
ing any motor fuel, except in the limited 
cases of a few tractors and trucks, is 
reproduced here for the sake of the 
comparison. 

Gasoline is far from being a sub- 
stance of a definite composition. It is 
a mixture of many different compounds 
of a similar structure, namely com- 
pounds of carbon and hydrogen in 
somewhat varying proportions which 
usually fall in one of several closely 
related series. The first of these series 
typifies the Pennsylvania or “paraffin 
base” fuels, while the bulk of the Mid- 
dle Western, Mexican, and California 
crudes fall in the second and _ third 
class ordinarily designated as “naph- 
thene” or “asphalt base” fuels. ‘he 
compounds existing in a gasoline are 
dissolved in each other, and the vapor 
pressure exerted by each constituent is 
governed by the amount of the other 
substances present. Theoretically it 
should be possible to designate the 
vapor pressure of any one constitu- 
ent in the fuel as being equal to the 
vapor pressure of that constituent in 
the pure state multiplied by the frac- 
tion of the constituent present. Actually, 
however, the calculations become too 
involved to be of any practical value 
on account of the large number of dif- 
ferent compounds present. 

It is possible to use as fuels frac- 
tions, which in~« themselves are too 
slightly volatile, by blending with them 
comparatively small amounts of very 
light “casinghead” or “natural” gaso- 
lines obtained as by-products of the 
natural gas fields. The “Red Crown” 
gasoline in figure one represents just 
such a fuel. It is composed of approxi- 
mately seventy per cent of fractions 
which are heavier than those of the 
Socony gasoline. The result is a fuel 
of a lower initial and a higher final 
boiling point. It is possible to start a 
motor readily in cold weather on such 


a fuel by choking the air inlet so that 
only about one-fourth the fuel needs 
to be evaporated, even at the end of the 
compression stroke, in order to give a 
combustible mixture. The remainder of 
the fuel is blown out unburnt throuzh 
the exhaust or trickles down the cylin- 
der walls into the crankcase. 

The initial and final boiling points 
of a fuel do not represent the respective 
boiling points of the lightest and heavi- 
est fractions. If, for example, one were 
to take the first and last ten per cent 
fractions of such a distillation and re- 
distill these fractions, it would be found 
that the initial boiling point of the first 
fraction is lower than that of the fuel, 
while the final boiling point of the last 
fraction is much higher than that of 
the original fuel. 

In figure two is shown a series of 
curves representing the temperatures of 
condensation of the several fuels from 
mixtures of fuel and air in the propor- 
tion of fifteen pounds of air to one 
pound of fuel. This ratio corresponds 
closely to that theoretically required 
for complete combustion. The effect of 
the presence of the higher boiling frac- 
tions in the “Red Crown” gasoline is 
shown by the greatly increased temper- 
atures of initial condensation. The tem- 
peratures indicated by these curves do 
not represent the manifold temperatures 
necessary to secure complete vaporiza- 
tion. They express the temperatures 
theoretically required if equilibrium 
could be reached in the short time avail- 


(Continued on page 54) 
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PROFESSOR ROBERT HALLOWELL RICHARDS 


Robert Hallowell Richards, although 
retired from the work of teaching at 
the Massachusetts Institute of Tech- 
nology, is now, in his 78th year, still 
active in the practise of his profession, 
particularly as an expert in patent 
cases involving the prin- 
ciples of ore dressing of 
which he is the world’s 
best-known authority. 
He is daily at his office 
and almost every week 
finds him either in New 
York or even farther 
afield. One morning 
not long ago, I dropped 
into his office and he 
had a thick package of 
photographs to show 
me. These represented 
a unique and success- 
ful attempt to record 
the origin and behav- 
ior of flotation bubbles 
under varying condi- 
tions. The result was as 
illuminating and con- 
vincing as is his pho- 
tographic series of the 
development of the elm 
tree buds. In the after- 
noons he is found in 
his library at his home 
and here is the atmos- 
phere of a busy man’s 
office, where Professor 
Richards finds the days 
too short to accomplish 
all the tasks he has set 
himself to do. His play 
time is no longer taken 
up with tennis, which, 
however, he kept up 
until he was 69, or by 
rowing which he gave 
up earlier, but he con- 
tinues his morning 
walks around Jamaica 
Pond and continues his 
live interest in birds 
and other living things. 

Professor Richards 
was born August 26, 
1844, at Gardiner, Maine, in the old 
stone house called “Oaklands,” which 
was built by Robert Hallowell Gardiner, 
his grandfather. He was one of five 
brothers and his forebears include the 
names of Jones, Tudor, Gardiner, and 
Hallowell. Among these are judges 
and doctors, men of learning, all of 
them. He spent his boyhood at Gard- 
iner, at his grandfather’s house, called 
“The Cove” until thirteen years of age, 
when he went to England to school. 
During five years there he attended 
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four different schools, the last Well- 
ington College, where he spent two 
years. During one fortunate year he 
was under a teacher named Dakyn, who 
discovered and developed his love of 
nature. Wellington College, when he 





ROBERT HALLOWELL RICHARDS 


entered it, was only recently founded, 
situated in Surrey, between Southamp- 
ton and London, and only two miles 
from Caesar’s Camp, in a land of 
heather and pine forests. It was a re- 
gion in which he took great delight in 
walks and excursions through the 
country. 

Returning to America in 1862, he 
studied under private tutors and then 
went to Exeter for two years, with the 
idea of preparing for Harvard, but he 
did not understand “a single thing of 


his Latin and Greek” and did not feel 
that he knew what he was about in his 
school work. In 1865 his mother wrote 
him that William Barton Rogers was 
starting a scientific school in Boston, 
in which connection, it is an interest- 
ing fact that his mother 
was distantly related to 
Mrs. Rogers. He did not 
hesitate a single day 
in deciding to come to 
Boston and enter Tech- 
nology, and here he 
found school a thing 
of delight instead of a 
dull monotonous grind. 
The New Massachusetts 
Institute of Technol- 
ogy went into the 
Rogers Building on 
Boylston Street in Jan- 
uary, 1866, and there 
they had their first 
chemical laboratories, 
and began work with 
the proof sheets of El- 
liot and Storer’s book. 
Young Richards en- 
tered the course of Me- 
chanical Engineering, 
but after a few weeks 
changed over to the 
course in Mining En- 
gineering. He was par- 
ticularly keen about 
chemistry, During the 
summer of 1867 he 
joined the U. S. Coast 
and Geodetic Survey 
and worked on the Pen- 
obscot River as aide, 
and later in the same 
summer spent a month 
on the Kennebec River 
on surveys, the purpose 
of which was the im- 
provement of the river 
for navigation, with 
particular attention 
given to the accumu- 
lations of waste from 
the saw mills which 
had choked the chan- 
nels. He recalls the early days of the 
Institute with particular appreciation 
of the inspiration and enthusiasm of 
President Rogers. The instruction in 
chemistry was equal to the best, but 
that in mathematics was wretched. At 
this time there were no laboratories of 
mining and metallurgy either at the 
Institute or at any other school in the 
world. The nearest approach to metal- 
lurgical appliances were a single assay 
muffle and a little crucible furnace, 
(Continued on page 52) 
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SUBMARINES AND SUBMARINE CHASERS 


The attention of naval designers of 
all nationalities has been centered upon 
the submarine for a number of years. 
That much progress has been made in 
the development of under-water craft is 
at once evident from the accompanying 
illustrations. The first shows one of the 
earliest United States submersibles, 
which had a length of about twenty-five 
feet. The second shows the “U-54” 
which is fairly representative of the 
type of German submarine which 
wrought such havoc during the late war. 

The earlier types of submarines were 
practically unmanageable upon the sur- 
face when any sea was running. The 
familiar cigar-shaped hulls had a tend- 
ency to plough through a wave rather 
than to ride over it with the result that 
steering was made very difficult. To 
overcome this objection the later types 
have a superstructure which expands 
the cutwater into the well known shape 
of the ordinary ship’s bow. 

There were several submarines caught 
in nets in the early months of the war, 
and to prevent repetitions of such dis- 
asters the later types were equipped with 
a saw-tooth net cutter, which is plainly 
visible in the photograph. To prevent 
the torn net from fouling on the con- 
' ning tower, two heavy wires run from 
the knives over the conning tower and 
down to the stern. These wires also 
serve as an auxiliary antenna for the 
radio apparatus. The horizontal rud- 
ders fore and aft, as well as the pro- 
pellers, are prevented from becoming 
entangled in the nets by means of heavy 
guards of steel tubing. 


The later submarines were all 


equipped with two periscopes, and some 
with three, one of which was fitted for 
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use in observing aircraft. The observer 
at the periscope stood upon a platform 
which was an integral part of the peri- 
scope and was raised and lowered with 
the tube; he was thus able to keep his 
eye steadily at the lens. This made it 
possible to take satisfactory observa- 
tions with the minimum exposure of the 
periscope above the surface. Experi- 
enced commanders rarely showed their 
periscopes for more than ten seconds at 
a time. It is also interesting to note 
how the tubes of the periscopes are 
tapered into “bottle-necks,” so that they 
are only about an inch and a half in 
diameter for four feet of their length, 
rendering them indistinguishable, even 
with good glasses, at distances exceed- 
ing twenty-five hundred yards. 

A modern submarine is able to travel 
approximately one hundred miles, sub- 
merged, before her batteries are com- 
pletely discharged, but would ordinarily 
come to the surface for recharging be- 
fore having travelled anything like that 
distance. This distance can only be 
covered at very slow speed, about two 
knots; at full submerged speed, approx- 
imately eight knots, she might cover 
twenty miles before her batteries would 
be completely discharged. When in sur- 
face trim, both engines running to 
charge her batteries, a submarine can 
submerge to “periscope draught” (peri- 
scope fully extended just breaks the 
surface) in about one and one-half min- 
utes. If the boat is proceeding on one 
engine and one motor she can reach 
this depth in approximately forty-five 
seconds. 

Below the surface the submarine is 
very slow and clumsy to handle. When 
moving at five knots she takes nearly 





OUR FIRST SUBMARINE 
This vessel is now on exhibit at the Brooklyn Navy Yard 


five minutes to turn through one hun- 
dred and eighty degrees. All of the 
operations, such as adjusting the rud- 
ders, blowing water out of the ballast 
tanks, etc., are performed by motors 





THE FAR FAMED GERMAN U BOAT 


This is the U-54 which was allotted to Italy at the time 
of the armistice. The saw-toothed net cutter and 
the bottled-neck periscopes are plainly visible 


or compressed air, and all make a 
considerable noise. In addition, the 
propellers of the submarine are com- 
paratively small and turn at high speeds 
compared to those of surface vessels, 
and these emit a sound which is dis- 
tinctly characteristic, and enables a hyd- 
rophone operator to distinguish a sub- 
marine’s noises from those given out 
simultaneously by a number of surface 
craft. These two facts made it possible 
for the submarine chasers, which were 
designed with a speed approximately 
that of submarines on the surface, and 
were equipped for both surface and 
sub-surface attack, to engage the sub- 
marine very effectively. The chaser’s 
military equipment may be roughly 
grouped under four headings: detection 
devices, sub-surface attack, surface at- 
tack, and communications. 

For the chasers to be efficiently em- 
ployed it was necessary that they be able 
to judge the position of the submerged 
submarine as closely as possible. For 
this purpose, they were equipped with 
three types of hydrophones, one for 
long distance listening, which was sen- 
sitive but not accurate, and two others, 
not quite so sensitive, but more accu- 
rate. They consisted of submerged rub- 
ber “ears” connected by independent 
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tubes to a stethoscope head set. These 
“ears” were mounted in a steel tube, 
shaped like an inverted T, which ro- 
tated about a vertical axis. The listen- 
er’s ears were thus “submerged” so to 
speak, and he was able to hear the vari- 
ous noises transmitted by the water. 
Rotating the tube was equivalent to 
turning his head to determine the direc- 
tion of a sound, and by means of a scale 
and pointer, the angle formed by the 
ship’s center line and the line of bearing 
of the sound could be read off. 

When a submarine was picked up by 
chasers on patrol, it was essential that 
each chaser should immediately inform 
the others as to its bearing from the 
submarine. It was for this purpose that 
the sub-chasers were equipped with 
wireless telephones, which furnished 
quick and reliable communication be- 
tween them. Upon receiving the bear- 
ings, the commander of each chaser was 
able to determine the location of the 
submarine. A series of such observa- 
tions soon disclosed something of the 
submarine’s speed and course, and per- 
mitted the plan of attack to be formu- 
lated. 

Having determined the plan of attack 
most suitable, it was but a few minutes’ 
work to carry it through. If it were to 
be a single chaser attack, one chaser 
would steam at full speed along the sub- 
marine’s path, dropping depth charges 
from the rack on her stern every few 
seconds, At the time when it was sup- 
posed that she was directly over the 
submarine she would fire the “Y” gun, 
projecting two depth charges to a dis- 
tance of seventy-five yards or so on 
either side. She would then drop some 
more from her stern as she passed ahead 
of the submarine, so as to cover any 
probable manoeuvre of that vessel. 

Naturally this whole procedure was 
a keen game of wits between the com- 
tnanders of the two vessels. The one 
who could best guess what the other 
was going to do would be the victor. 
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The U-boats were all tested by hydro- 
phones before going to sea to ascertain 
their most silent speed. When proceed- 
ing at this speed, and keeping all noises 
at a minimum, they could not be heard 





FEEDING CHASERS AT SEA 
This operation is carried on with both ships running 
at full speed. 


in the chasers’ hydrophones, even when 
very near. Another expedient followed 
by the submarines was to dive to the 
bottom and rest there with all machin- 
ery stopped until the chase had passed 
by. This, however, worked both ways, 
for when the chasers lay to, the sub- 
marine could not hear them either! 

While the chasers were equipped with 
three-inch short calibre guns for sur- 
face attack they could hardly be con- 
sidered as being very effective. The 
guns were small compared with the 5.9 
inch guns mounted by some of the sub- 
marines, and the vessels themselves were 
such unsteady platforms that little de- 
pendence could be placed upon the 
accuracy of their gunfire. The chasers 
were intended for sub-surface attacking, 
not for action on the surface. 





* 43 


In view of the development of anti- 
submarine devices attained since the 
war, it is doubtful that the submarine 
will be an effective military weapon in 
the future. Its use will probably be 
limited to commerce raiding on the high 
seas. In the opinion of some of our 
ablest authorities, air-craft will super- 
sede all other methods of attack and 


defense. 


Safety Engineers affiliate with A. S. 
M. E. The American Society of Safety 
Engineers with a membership of six 
hundred has become affiliated with the 
American Society of Mechanical Engi- 
neers. According to provisions of the 
A. S. M. E. by-laws under which the 
affiliation was carried out, the Safety 
Engineers Society has complete inde- 
pendence under its own constitution and 
by-laws and the A. S. M. E. is not re- 
sponsible for its acts; but its papers 
and discussions may be printed in Me- 
chanical Engineering and the Safety 
Engineers may receive Mechanical En- 
gineering on the same terms as other 
affiliates—Power. 


Rubber as a pavement. It is reported 
from Ceylon that considerable impetus 
has been given to the use of rubber in 
the form of blocks for paving streets. 
The application of rubber for such a 
purpose has been given attention at 
various times in this publication. It 
would appear that rubber can be used 
to very good advantage in this manner. 
The results obtained in Colombo, Cey- 
lon, where the latest experiments with 
rubber pavements have been carried out 
appear to corroborate earlier English 
experiments along the same lines. Rub- 
ber is proving to be a very effective 
paving material— Rubber Age. 


The money toll of strikes in 1921, 
according to the Department of Labor, 
was $5,000,000,000. The loss to the 
strikers was $2,000,000,000.—WNational 
Sand and Gravel Bulletin. 


RECENT DEVELOPMENTS IN DIESEL ENGINES 


cylinder and the crankcase, so that no 
carbon can get into the lubricating oil, 
no lubricating oil can get past the piston 
into the cylinder, and no lubricating oil 
can come in contact with hot parts. 
Every moving part of the whole en- 
gine is enclosed in one common hous- 
ing, and, excepting the piston, flooded 
with oil from a circulating pressure 
feed oiling system. The oil in this sys- 
tem remains clean and free of carbon, 
and does not require periodical renewal. 
The pistons are lubricated from a 
special force feed lubricator. 

Much has been said in favor of two 


(Continued from page 39) 


cycle as well as in favor of four cycle 
engines, but these arguments are not 
important because there are successful 
engines of each type. The value of 
an engine lies not in the cycle used, but 
in the quality of the engine. A four 
cycle engine requires a valve gear 
which cannot readily be enclosed in an 
absolutely oiltight casing, and unless 
this is done they cannot be incorporated 
in the pressure feed system, and so re- 
quire special lubrication. Another very 
great advantage of the two cycle ma- 
chine is that the pressure is always in 
the same direction, and so the bearings 


do not develop a knock when they be- 
come loose. In consequence the bear- 
ings do not have to be taken out peri- 
odically, but can be run loose without 
harm. In a large engine under the care 
of a regular force of engineers the 
slightly lower fuel consumption of the 
four cycle may be the deciding factor, 
but the advantages of the two cycle are 
great in engines up to about five hun- 
dred horsepower where, above fuel 
consumption and all other points, the 
engine which is the simplest is the 
best. 
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BRAZIL AS A MINING COUNTRY 


Brazil is our one big neighbor to the 
south. No other country approaches it 
in area, which is almost the same as 
that of the continental United States. 
Besides its four thousand miles of coast 
line, it has thousands of miles of navig- 
able rivers. Its climate varies from the 
tropics to that of North Carolina. Its 
broad interior plateaus offer wonderful 
grazing and agricultural possibilities. 
It has tracts of timber of unusual and 
valuable woods. 

Manufacturing is already develcping. 
The immense iron deposits are certain 
to be a source of future strength and 
wealth. Though lack of coal and oil 
is a drawback, these may yet be found; 
and there is much water power. 

The population of the north is largely 
black. The people are courteous, busi- 
nesslike, and generally dependable. 
Their feelings for the United States are 
friendly, but they will not buy our 
products if European countries offer the 
same at half the price, and these coun- 
tries are certainly making every effort 
to get back their trade. 

Good maps are rare. Of one or two 
of the States only outline maps are to 
be had. Some of the country is un- 
explored. The government maps are 
prepared by the Ministry of Public 
Roads and Works, and may be had from 
various government bureaus if one is 
properly introduced. They are on 
scales varying from one to one million 
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up to one to three million. For geolog- 
ical information, the Servico Geologico 
of the Ministerio da Agricultura at Rio 
Janeiro fills the place of the U. S. Geo- 
logical Survey. Public assay offices, as 
we know them in the West, do not exist. 
If one wishes much information of that 
sort, it is better to take a portable out- 
fit. The officials of the federal and 
state departments of agriculture, by 
whom mining matters are administered, 
will be found most willing to give in- 
formation and aid. Financial matters 
are best handled through the branch of 
the National City Bank, the local offi- 
cials of which are found helpful in 
many ways. 

Titles to mining property, or to any 
other, should be carefully investigated 
by a competent attorney familiar with 
the subject and country. The old Port- 
uguese monarchs gave large grants of 
land called “Captaincies” to those to 
whom they found themselves under ob- 
ligations. As a result of the heavy tax 
on transfers of title, it becomes neces- 
sary to hunt all the heirs of an owner 
who may have died fifty or one hun- 
dred years ago. Recently, two heirs 
turned up for a portion of the mine 
operated by the St. John del Rey Com- 
pany for nearly a hundred years. It 
took four years to get title to addi- 
tional property recently acquired. 

The system of taxation must be con- 
sidered in estimating costs. The fed- 


A ROAD IN THE INTERIOR OF BRAZIL 


eral government derives its revenue 
from import duties, but each state has 
the privilege of taxing exports. This 
holds true not only if the merchandise 
is shipped from one state to another 
but even if it passes across the state by 
water or railroad. Large companies 
can sometimes obtain concessions cover- 
ing a certain period of years. During 
the war, taxes went up in Brazil as else- 
where but reductions are promised at 
an early date. 

The railroad rarely penetrates more 
than three to four hundred miles in- 
land. This is true of all parts of the 
country except in the latitude of Rio 
Janeiro where a railroad runs nearly 
to the Bolivian line, a distance of about 
a thousand miles. Most of the travel 
is on the rivers or on muleback. A 
great many of the rivers are only nav- 
igable in the wet season, which comes 
from November to March. Roads are 
few and are of clay, consequently. dur- 
ing wet weather, overland travel is 
extremely slow. Water transportation 
is so important that the Ouro Preto 
School of Mines includes a course in 
river navigation in its curriculum. 

Most of the mining activity of the 
past has occurred in the State of Minas 
Geraes. As may be seen from the map, 
this state is separated from the Atlantic 
by two narrow states, Espirito Santo 
and Rio de Janeiro, neither being over 
one hundred miles wide at any point. 
The Central Brazil Railroad connects 
this country with Rio. It has many steep 
grades and sharp curves. Partly for 
this reason, and the resulting inability 
of the railroad to handle a large ton- 
nage, thousands of tons of manganese 
ore mined during the war are still to be 
seen piled up at the mines and around 
the stations. The largest of these man- 
ganese mines, the Morro da Mina, near 
Queluz, has recently been purchased by 
the United States Steel Corporation. 

Much of central and western Minas 
Geraes lies in the basin of the Sao 
Francisco River, a stream flowing north 
through Bahia. This drainage area is 
separated from that of the stream flow- 
ing more directly into the Atlantic by 
the Serra de Espinhaco, or Back Bone 
Ridge. In the vicinity of this range, 
gold ores occur in the quartzites, schists 
and iron formation. The original dis- 
coveries are said to have been made by 
expeditions sent out to search for silver 
and emeralds by order of a Portuguese 
king who had become jealous of the 
wealth obtained from Peru and Colom- 
bia by his Spanish contemporary. The 

(Continued on page 58) 
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A MILLION POUND THRUST BEARING 


By PAUL H. RUTHERFORD, ’22 
Massachusetts Institute of Technology 


Daily we hear of new developments 
and of larger machines both in size and 
capacity. Although interested we do not 
give a great deal of thought to the 
factors that limit the size and capacity 
of the machine, and to the necessities 
of first developing these factors. Few 
of us attach much importance to the 
bearings of the machine and to the need 
of a perfect bearing to make a good 
machine. 

The duties of a bearing are: to fur- 
nish support for the rotating parts it 
carries; to keep these parts in good 
alignment; and while supporting these 
parts at the same time leaving them 
free to rotate. 

To meet these duties it is necessary 
to machine the bearing very carefully 
in order that the surfaces be smooth 
and flat. This is needed to make the 
friction loss a minimum. If the surface 
on which the pressure is distributed is 
to be large, the surface must be care- 
fully machined to prevent high local 
pressures due to unevenness or high 
spots. The bearing must be capable of 
holding rigidly the parts it carries to 
insure good operation and prevent 
noise. 

Several types of bearings have been 
developed, some of which are: the ball, 
pivot, sleeve, and multi-collar thrust 
bearings. The ball bearing has a low 
friction loss at starting, runs with a 
small amount of noise, while at the 
same time holding the parts it carries 
in good position. However, due to the 
small point of contact it cannot carry 
great weight without being very large. 
The pivot type of bearing is capable of 





SPRING THRUST BEARING 
The stationary babbitted ring is raised to show springs 
and dowel pins. 





carrying considerable weight, but it is 
found difficult to keep this kind of bear- 
ing in good adjustment so that it holds 
the parts it carries in good alignment. 
A sleeve bearing can carry medium- 
sized weights, and is easy to build but 
it is unable to take any thrust. The 
multi-collar thrust bearing is a modifi- 





able that small changes in the load and 
defects due to poor workmanship will 
automatically adjust themselves so that 
rubbing will not occur on the two 
plates. 

This feature has been incorporated 
in the single collar spring supported 
thrust bearing, which consists of two 


BEARING 


This picture shows the arrangement of the cooling coils. 


cation of this type. It has six or more 


collars on the shaft, each collar being 
fitted to a babbitted plate shaped like 
that of a horse shoe, to facilitate its 
removal or repair. This design enables 
a large weight to be carried on the shaft 
with comparatively small unit pressure 
on each collar. However, one of the 
difficulties encountered with this type 
of bearing is that it is necessary to 
have a good bearing fit on each collar 
in order that there should be no rub- 
bing. It has been shown that the thick- 
ness of the film of oil in a bearing 
having a speed of two hundred feet per 
second and a load of eighty pounds per 
square inch is approximately three 
ten thousandths of an inch. It is easily 
seen that it would require good work- 
manship to make a bearing that would 
fit well and not have spots where little 
load would be carried and others where 
the plates would touch each other and 
cause rubbing. Another disadvantage 
of this bearing is that it is hard to ob- 
tain a good fit for all loads. 

These difficulties have led to the use 
of a single collar spring supported 
thrust bearing carrying a high unit pres- 
sure on one plate rather than a low unit 
pressure on several collars. The design 
of this bearing is based on the idea of 
providing a surface so flexible and pli- 





plates, one of which revolves while the 
other is supported by a multitude of 
coil springs. The upper plate is of a 
special grade of cast iron and the lower 
one is a steel disc with a babbitt surface. 
The rotating plate which is stationary, 
has radial oil grooves cut in it and is 
cut in half at one of these grooves to 
prevent dishing due to changes in tem- 
perature. It is not necessary to give 
this babbitt surface any further finish 
such as hand scraping, which has to be 
done to most any other type. 

The complete bearing is immersed in 
an oil bath. There is a cooling coil 
which keeps the bath at the proper 
temperature and thus it is only neces- 
sary to add a small amount of filtered 
oil to keep this bath in proper condi- 
tion, instead of cooling the oil in some 
other manner outside the bearing hous- 
ing. 

An additional advantage of this type 
of bearing is its low friction loss as 
compared with the multi-collar type. 
In a bearing designed to transmit three 
thousand horse power, with a thrust of 
fifty thousand pounds, the friction loss 
in the multi-collar type is eleven and 
five-tenths horse power and in the single 
collar type one horse power. The dif- 
ference in loss is mainly due to lower 

(Continued on page 62) 
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California Power Development. The 
Southern California Edison Company 
has its plans well under way for its 
new hydro-electric power plant, Big 
Creek Number Three, which will be 
the fourth and largest plant in the 
company’s extensive Big Creek Devel- 
opment. It will have an ultimate capac- 
ity of one hundred and fifty thousand 
kilowatts and will tie in with the other 
plants in the district feeding the two 
hundred and seventy mile transmission 
line to Los Angeles. For the initial in- 
stallation there will be three 28,000-kva. 
vertical waterwheel generator units; 
seven 18,500-kva., 220,000-volt trans- 
formers; six 36,700-kva., 220,000-volt 
auto transformers; and 24 high-tension 
circuit breakers for 220,000-volt serv- 
ice, with miscellaneous auxiliary and 
switching equipment, all of which has 
already been ordered from the Westing- 
house Company. 

The generators will have a normal 
continuous full load rating of 28,000- 
kva. at 89.4 per cent power factor and 
will be three-phase, for operation at 50 
cycles and 11,000 volts at 428 r.p.m. 
The exciters are to be direct-connected. 
The generators are to be designed for 
operation at 60 cycles and 12,500 volts 
at 514 r.p.m. 

The transformers will be single- 
phase, 50 cycles, oil-insulated and 
water-cooled and are designed to step 
up from 11,000 volts at the generator 
to 220,000 volts on the line. The high- 
voltage winding will be connected in 
star with graded insulation and the 
neutral solidly grounded. They will be 
the largest 220,000 volt transformers 
ever built—Power. 


Is Einstein Wrong? That the Einstein 
Theory contains a fundamental error 
is a claim made by M. Guillaume who 
hopes to prove the error by his ellip- 
soid method. Ex-Premier Painleve, a 
celebrated mathematician, has arrived 
at the same conclusion by a different 
method. M. Guillaume is of the same 
family as Albert Guillaume, a recent 
winner of the Nobel prize. 


Vehicle Tunnel Under the Hudson 
River. Work has been started at West 
and Canal Streets in New York. The 
completed tunnel will be ready in about 
four years and is to cost $19,331,723. 
The tunnel will have twin tubes. 
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Desiccated Vegetables. When dehy- 
drated raw vegetables are stored in air- 
tight containers at ordinary tempera- 
tures investigations show that their 
moisture content is an important factor 
in their preservation. There is a “crit- 
ical moisture content” below which the 
distinctive color and taste is retained 
unimpaired for upward of six months. 
For cabbage this is from 3 to 3.34 per 
cent; for onions from 5.74 to 6.64 per 
cent. There is more injury from expo- 
sure at an atmosphere of comparatively 
high humidity at lower temperatures 
than from similar exposure in a dry 
atmosphere.—Scientific American. 


California Air Line. Regular air- 
plane passenger service between San 
Francisco and Los Angeles was begun 
a little more than a month ago when 
six planes made their first trip for the 
operating company. 


New Airship Gas. Dr. Edward Cur- 
ran, of the International Transportation 
and Manufacturing Company of Los 
Angeles, recently demonstrated a new 
gas, currenium, having a weight of six 
and two-tenths pounds per thousand cu- 
bic feet at a pressure of thirty inches of 
mercury and a temperature of forty 
degrees fahrenheit. Its lifting power is 
practically equal to that of hydrogen 
and it has the advantage of being incom- 
bustible, except when very greatly di- 
luted with oxygen. Currenium can be 
produced electrolytically at a cost of one 
hundred dollars per thousand cubic feet. 
The process was developed in 1918, but 
the inventor was not satisfied with the 
purity obtained by the process as first 
developed and continued his research 
work to date. 


Interesting Meteorological Experi- 
ments were recently begun at Kelly 
Field, Texas, under the direction of the 
meteorological section of the War 
Department. Small hydrogen filled bal- 
loons carrying instruments for record- 
ing pressure, temperature, and other 
conditions will be sent up in pairs to 
a height of fifteen miles. At this height 
one balloon will burst and the second, 
not having sufficient capacity to carry 
the weight of the instruments, will drift 
slowly to earth. 
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The Relationship of Absolute Magni- 
tude to Space-Velocity. A statistical 
study of the radial, tangential, and 
space-velocities of thirteen hundred and 
fifty stars, mostly of types F, G, K. and 
M, reported in the Astro-Physical Jour- 
nal by W. S. Adams, G. Stromberg, and 
A. H. Joy, shows a marked correlation 
with absolute magnitudes. The results 
are given in the form of equations and 
tables. The increase in average space- 
velocity for a decrease of one magni- 
tude in brightness varies with the tvpe, 
but is of the order of three km-sec. The 
greater homogeneity of the giant stars 
as a class and their comparative free- 
dom from large individual motions are 
indicated by the results. As would be 
expected for a random distribution of 
velocities as to direction, the average 
radial velocities are about half the cor- 
responding average space-velocities. 


America’s New Airship. With the 
destruction of both the Italian ship 
Roma and the English ship ZR-2 we 
are left without a lighter-than-air craft. 
Work has been started on the ZR-1 at 
Lakehurst, N. J. The ZR-1 is to be 
modeled after the L-49, a German Zep- 
pelin that came down in France during 
the war. It will be six hundred and 
seventy-five feet long and seventy-eight 
and a half feet in diameter and will 
contain two million one hundred and 
thirty thousand cubic feet of gas. It 
is to be equipped with six engines and 
attain a speed of seventy miles per 
hour. 


Location of Disabled Submarines is 
one of the new uses of the famed radio 
compass. This possibility was demon- 
strated by a recent Government test in 
which a submarine off Newport, R. I. 
submerged fifty feet received orders 
from Washington by radiophone and 
heard music played at the capitol. In 
case a submarine should get out of con- 
trol along the New Jersey coast, radio 
signals could be sent out and received 
at New York, at Norfolk and Washing- 
ton. By use of the radio compass the 
direction of the signal could be deter- 
mined and plotted from these three sta- 
tions and the point of intersection mark 
to location of disabled submarine and 
thus enable the rescuing craft to find 
the submarine with great ease and 
accuracy. 
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Chicago River Boulevard. There re- 
cently was passed by the Chicago City 
Council the final bill for completing 
the construction work of what will be 
one of the most beautiful water ap- 
proaches that any city in the world can 
boast. The ordinance calls for a double- 
decked street running along the river 
through the business section of the city, 
the upper level, one hundred and ten 
feet wide, to handle the light traffic; 
and the lower street, at dock level, to 
care for the freight traffic. In order to 
carry this plan forward it will be neces- 
sary to tear down many old warehouses 
and produce markets, their place being 
taken by hotels, theatres, and modern 
office buildings. 

The double decking of Chicago’s 
streets in the downtown business district 
has become a matter of necessity in 
order to handle the enormous amount 
of heavy traffic concentrated at certain 
points. The cost of this half-mile river 
front improvement will be twenty mil- 
lion dollars. 


The Interchangeable Pyrometer. To 
those who have been in the habit of 
looking upon the thermocouple as 
essentially a cut-and-try affair, whose 
calibration must be done separately for 
each couple and with much pains, it 
will come as a shock to learn that there 
is now on the market a pyrometer whose 
thermocouple can be replaced by the 
user when replacement is necessary. 
Such a pyrometer is obviously much 
cheaper to use than one in which the 
couples must be bought completely as- 
sembled.—Scientific American. 


Radio Pooling in South America. The 
American, British, French, and German 
wireless companies have formed a pool 
to establish one monster station in Ar- 
gentina. Each company will use the 
station to transmit messages to their 
respective countries. The station is to 
be managed by a commission consisting 
of two representatives of each company 
and the ninth member to be chairman 
chosen by the Radio Corporation of 
America. Mr. T. H. Perkins of Boston 
has been appointed to fill this post. 


Androscoggin River Delivers Th’rty 
Thousand H. P. At Rumford Falls, 
where the river takes a drop of one 
hundred and eighty feet in a mile. there 
has just been completed a concrete dam 
four hundred and fifty feet long and 
forty feet high. The falls are really 
divided into three sets; the first and 
greatest, covering a drop of one hun- 
dred feet, is used by the Rumford Falls 
Power Company; and the remaining 
two by paper companies. The present 
development of thirty thousand horse 
power is only temporary, as plans are 
being made to increase the output. The 
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total estimated development possible is 
one hundred and twenty thousand horse 
power. 

The Androscoggin River at Rumford 
represents one of the best examples of 
controlled river flow that can be found 
anywhere. The average flow between 
high and low water is two thousand 
cubic feet per second. This has been 
made possible by the construction of 
storage basins and dams on the upper 
reaches of the river which control the 
flow of water in the river bed. 


Cambridge Has Moved Twenty-Six 
Feet away from Greenwich in the period 
of forty years according to Professor 
J. W. Evans, scientific adviser to the 
Colonial office. This unseemly conduct 
has not been confined to Cambridge, 
but Professor Evans states also that 
Greenwich, supposedly the stable center 
of time, has moved half a mile toward 
the equator in a period of eighteen 
years and also that Naples has moved 
a mile and a half in the same direction 
in a period of fifty-one years. Professor 
Evans also believes he has discovered 
the causes of the rise and fall of the 
earth’s surface amounting to about 
eighteen inches, in response to the force 
of attraction of the sun and moon on 
the earth. The English scientist believes 
these phenomena are due to the effect 
of the sun’s heat on the deserts south of 
Europe—the Sahara for instance. The 
intense heat generated there causes ex- 


pansion of the surface rocks sufficient 


to lift the entire surface a distance that 
can be detected by delicate instruments. 


Connecticut River Bridge at Spring- 
field. This new bridge, designed by 
Prof. C. M. Spofford, head of the De- 
partment of Civil Engineering at the 
Massachusetts Institute of Technology, 
is of the very latest design and has 
several significant features. The total 
length of the structure is fifteen hun- 
dred feet; twelve hundred feet being 
over the river proper, and the remain- 
ing three hundred feet forming a via- 
duct over the yards of the New York, 
New Haven, and Hartford Railroad. 
The roadway is sixty feet wide, and a 
ten-foot sidewalk is provided on each 
side. 

The construction is of reinforced con- 
crete. A new departure is noted in the 
floor construction, which consists of 
slabs of reinforced concrete supported 
on columns on the entire ribs and on 
spandrel walls on the exterior ribs. 
This gives a lasting surface that will 
withstand the heaviest of modern live 
loads. The total cost of the bridge will 
be five million dollars. The bridge will 
be opened to traffic about the first of 
August. 
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Einstein is Explained visually by a 
six thousand foot motion picture film 
recently completed in Germany. The 
film will be exhibited shortly in this 
country. The script was written by six 
European professors and it is expected 
that it will explain to many the intri- 
cacies of Einstein’s theory. The film 
consists mainly of drawings and _ trick 
pictures by means of which the main 
points of the theory are shown in a 
simple manner in a way which every- 
one can grasp. 


New Power Plant for St. Louis. The 
Union Electric Light and Power Com- 
pany of St. Louis has started work on 
a big new generating plant to cost 
twenty-five million dollars, and to have 
an ultimate capacity of two hundred 
and forty thousand kilowatts. The use 
of electricity has grown enormously 
within the past few years at St. Louis, 
and the reason given for the construc- 
tion is that the power resources of the 
company, which are the Keokuk dam 
on the Mississippi. with a capacity of 
sixty thousand kilowatts available at 
this time, and the Ashley Street station, 
with its capacity of one hundred thou- 
sand, will be exhausted by 1923 at 
present rate of consumption increase. 


MEETINGS AND CONVENTIONS 
New England Radio Exhibit—Me- 


chanics Building, Boston, Massachu- 
setts, May 3-6. 

National Supply and Machinery 
Dealers’ Association—Annual conven- 
tion in Atlantic City, May 8-10. 

National Association of Manufactur- 
ers—Annual convention in New York 
City, May 8-10. 

American Society of Mechanical 
Engineers—Spring meeting at Atlanta. 
Georgia, May. 8-11. 

National Foreign Trade Convention— 
Ninth annual meeting at Philadelphia, 
May 10-12. 

American Water Works Association— 
Annual convention at Philadelphia, 
May 15-19. 

National Electric Light Association— 
Annual convention at Atlantic City, 
May 15-20. 

American Society of Mechanical 
Engineers—Chicago meeting at the City 
Club, May 16. Subject: The Chicago 
Subway Project. Elections. 

American Society of Mechanical 
Engineers—Meeting in Engineering So- 
cieties Building, New York City, with 
the American Society of Refrigerating 
Engineers, May 16. Subject: Railway 
Refrigeration. 

National Association of Office Man- 
agers—Annual conference in Washing- 


ton, D. C., May 18-20. 





ZZ aa fi 
ys Ve LAT 


wy 


ENTRANCE REQUIREMENTS 


The typical American college of to- 
day has two serious faults: it is too 
big, and it is still growing. There are 
many of an older generation who can 
remember the day when a student body 
of three hundred was considered large; 
today, a college of that size scarcely 
receives recognition. The craze for the 
big college seems to have struck all 
parts of the country. Across the breadth 
of the continent Columbia University 
and the University of California argue 
hotly as to whieh can muster the larger 
record of attendance. It is all very well 
to ta’k of education for the masses. 
opportunity for the largest possible 
number, but is that opportunity to be 
found in institutions which have far 
outgrown their capacity for thorough 
and conscientious instruction? 

That there should be some means of 
restricting college attendance is appar- 
ent. The great need is for a means of 
discriminating between the student who 
comes to college to obtain an education, 
and the type which takes as its motto 
the words, “‘college-bred—a four years’ 
loaf.” Comment on the prevalence of 
the latter type in many of our colleges 
is superfluous. There they are: they 
swell the ever-increasing tide of Ameri- 
can youth desiring “higher education”; 
by their very numbers they cause a loss 
of personal contact between student and 
instructor, and lower standards of in- 
struction, making it easier for them to 
“set by” their courses with a minimum 
amount of effort. To make room in our 
colleges for the thousands of really 
ambitious students, we must go to the 
source of all the trouble. and make it 
harder to get into college. 

Entrance examinations determine a 
student’s knowledge; psychology tests 
demonstrate the degree of his intelli- 
gence; there is yet a third factor—the 
character of the would-be college stu- 
dent must be taken into account. 

Character tests consist of direct per- 
sonal interviews between the incoming 
students and a member of the faculty. 
With no “time to think about it,” the 
student is asked a number of questions 
concerning his reasons for coming to 
college, his favorite books, magazines, 
newspapers, his hobbies, if any, his 
favorite sports, and so on. In spite of 
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the tender age of many high school 
graduates, it has been found very easy 
to distinguish between students who 
have an aim behind their desire to go 
to college, and those who go expecting 
a howling good time, or “who go be- 
cause their parents desire them to. 

Such personal interviewing does, of 
course, take time, but that time is well 
spent. New York University has tried 
the scheme for three years in some of 
tts schoois, and has found it highly suc- 
cessful. At Princeton, a “Director of 
Admissions” has been appointed, who 
will henceforth interview all candidates 
for admission, with the assistance of 
four other members of the faculty 

It is safe to say that the percentage 
of “undesirables” at Technology is con- 
siderably lower than elsewhere, due to 
the Institute’s well-earned reputation 
for hard work and plenty of it. But at 
the same time, oat d not the develop- 
ment of a system of personality tests, 
such as that described above, be a valu- 
able means of keeping attendance with- 
in bounds determined at present by the 
capacity of the Institute buildings and 
the size of its instructing staff? 

+o ulna 
FOREIGN TRADE 


That the United States is well along 
the road to normalcy is no longer a 
question in the foremost minds of the 
business world. The gleam from a new 
prosperity hovers close on the business 
horizon, ready at any moment to sur- 
mount the ridge and shed its welcome 
light over the land. There is but one 
threatening cloud—our foreign mar- 
kets. 

The super-productions and extrava- 
gances of war-time led to the develop- 
ment of huge industries which now lie 
idle. To put these to work will cause, 
it is estimated, a twenty per cent sur- 
plus of domestic production over do- 
mestic consumption, and only when this 
surplus is sold can a normal and per- 
manent prosperity be realized. The so- 
lution lies therefore in building up our 
foreign markets. To alleviate and re- 
lieve unemployment, not only in the 
United States, but all over the world, 
no better course can be adopted. Tariff 
or no tariff, America, with her unlim- 
ited resources and tremendous produc- 
tive power, must of necessity establish 
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a permanent commercial intercourse 
with the outside world. There is today 
no significance in the industries’ cry of 
“Yankee ships for Yankee sailors,” for 
our harbors are lined with empty ships 
and our wharves with idling men. Our 
foreign shipping must be revived. 

But how shall this foreign trade be 
financed? Will it be expedient to in- 
corporate on all foreign loans hereafter 
negotiated in this country a condition 
that all or a greater part of the pro- 
ceeds be spent here for American goods, 
thus aiding American production and 
ending or minimizing idleness of plants, 
ships ‘and workers, or will recourse be 
had to the huge gold surplus brought 
into the United States during the war? 
Such questions furnish the raison d’étre 
of the Ninth National Foreign Trade 
Convention, held May tenth, eleventh, 
and twelfth in Philadelphia, where 
thousands of the ablest business minds 
of the continents will congregate to 
wrestle with these problems. This is 
not a national, but an_ international 
convention—such it must be. Codpera- 
tion, not isolation, needs be the motto. 
Every manufacturer, merchant, and ex- 
porter has been urged to attend. It 
must, it shall succeed if, during its ses- 
sions, it keeps ever before it sincerity 
and the spirit of universal good fellow- 
ship. 

The attention of the cosmos is cen- 
tered upon Philadelphia this month, 
the outcome is eagerly awaited, for 
upon the expansion of our foreign trade 
depends the coming of a new era of 
prosperity for America, and for the 
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OUT OF THE PAST 


Who is there among us who has not, 
at some time in his checkered career, 
pondered deeply over the why and the 
wherefore of that imposing array of 
names which adorns the facade of our 
noble pile called Technology? This 
“hall of fame” seems limitless in scope, 
a truly glittering constellation: Plato, 
Aristotle, Euclid, Archimedes, Galileo, 
da Vinci, Newton, Franklin, Faraday— 
philosophers, architects, scientists of 
all ages—all these do we behold as we 
daily wend our way from Building 
Three to Building Four. 

We pause to contemplate these carv- 
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ings on our classic walls. Changeless, 
day by day they face the rising and the 
setting sun. Imperishable as the very 
granite whose torture gave them birth, 
they look down on this year’s classes 
as they will upon the classes of a hun- 
dred years from now. Father, son, and 
grandson bid Technology a last good- 
bye, and join the host whose prowess 
and achievements make, for Alma 
Mater, fame—yet do the names of the 
men of old remain forever o’er her 
portals. Why are they there? 

Why? But think of what they stand 
for, and the answer comes. They are 
the source, the breath, the life of all we 
know, of all we do. “No scientific truth 
is born anew, coming by itself and of 
itself. Each new truth is always the 
offspring of something which has gone 
before, becoming in turn the parent of 
something coming after.” Invent, dis- 
cover, investigate though we may, what 
do we accomplish but the further devel- 
opment of work begun long before our 
day, its foundations based, perhaps, 
upon antiquity ? 

Our tools, our ideas, our methods of 
thought, all have been created in the 
past; they are but developments of the 
tools, methods, and ideas of those men 
whose names are cut so_ ineffacably 
upon our walls. Therefore, to the sci- 
entists of old do we owe neither conceit 
for our own petty achievements, nor 
yet envy of all that they accomplished 
before our time. Rather do we owe 
them eternal gratitude for the vast store 
of knowledge that is our legacy, and 
for the chance, however slight, to add 
our small bit to that resistless, onward- 
flowing, ever-widening stream called 
science. 

sous. 
THE PRESIDENT AND CONGRESS 


Congress, and especially the House 
of Representatives, is not in harmony 
with the President. The action of the 
House on the Adjusted Compensation 
Bill, on the Army and Navy appropria- 
tions, and on the budget has not been 
what it is thought Mr. Harding desired. 
It appears that some of the House 
leaders have thought the President a 
man of infinite patience, a man who 
would sacrifice his plans to avoid un- 
pleasantness. It is to be hoped that they 
are mistaken. 

Mr. Harding strongly declared him- 
self against the Bonus Bill as it now 
stands, yet the House passed it over- 
whelmingly. The Secretary of War 
wants an army of one hundred and fifty 
thousand enlisted men. The House says 
he may have one hundred and fifteen 
thousand. The navy is to be cut from 
one hundred thousand to sixty-five 
thousand men. A cool fifteen million 
dollars for river and harbor improve- 
ments goes onto the budget, despite 
much vigorous protest from its spon- 
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sors. Mr. Harding was very partial to 
that budget and Mr. Dawes worked 
hard to prepare it. All is indeed not 
well on the Potomac. 

The right in all these questions seems 
to be with the President. The bonus 
presents a difficult problem. Everybody 
wants to see something done for those 
service men who need help. Yet so 
many prominent government financial 
leaders have declared against the Ad- 
justed Compensation Bill, at least as 
it now stands, and at what appears a 
great risk to their own political futures, 
that it certainly seems dangerous in its 
present form. 

The issue on the Army and Navy 
appropriations is clearer. The Confer- 
ence on the Limitation of Armaments 
did some splendid things. That we 
have obtained a respite from a tremen- 
dous naval building campaign is glori- 
ous. Still no one thinks that war has 
now been definitely crossed from the 
list of human activities. And because 
this is so we still need our Navy. It 
should, then, be maintained at the five- 
five-three ratio with the greatest exacti- 
tude and should be kept at the very 
highest efficiency. This can be done 
much more easily with our now limited 
Navy than was previously possible. 

It is likewise evident that paring the 
Army to the very bone is hardly desir- 
able. A force of one hundred and fifty 
thousand men to protect the country’s 
vast domains is not excessive. General 
Pershing assures us that a smaller force 


-would be entirely inadequate and would 


invite disaster. 

Assurance is given that the President 
is not to be thus roughly trampled 
upon. It is said that he can and, if 
necessary, intends to use a forceful 
veto. Certainly the present House plans 
for the Army and Navy should not be 
tolerated. The Bonus Bill seems to need 
more or less sweeping amendment. And 
the budget should have a fair chance 
to prove its efficacy in controlling gov- 
ernment finances. It is to be hoped that 
the President will maintain a firm stand 
on these issues, using his power of veto 
as vigorously as necessary. Such dis- 
ciplining would not be injurious to 
Congress and such a stand would in- 
crease the people’s confidence in their 
Chief Executive. 

coulis» 


MEMORY 


No one will dispute that some few 
men are endowed by nature with splen- 
did physiques and great bodily strength, 
while others are veritable weaklings. 
Likewise, it is impossible to deny that 
proper and vigorous exercise will 
greatly strengthen a frail body, while 
even a giant’s strength is sapped by 
inactivity. The memory is just as much 
a part of the physical body as the 
muscles of the arms, but many are 
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prone to disregard this fact. What its 
owner claims to be a weak memory is, 
in the majority of cases, a memory lack- 
ing only exercise for its development. 

The use of engineer’s guides, memo- 
randum books, and such artificial mem- 
ory aids tends to militate against the 
development of memory. Such tables 
of information are invaluable, beyond 
a doubt, but they should not usurp the 
proper function of the brain. The sci- 
entist and engineer must have a firm 
grasp of his knowledge, must have the 
fundamental facts in his mind ready 
for instant use, not stored in some book. 
The retort will be made, no doubt, that 
it takes too long to acquire thoroughly 
so much information. If such be the 
case, then obviously the faculty of 
memory stands only that much more in 
need of development. 

The memory functions easily only 
when a person’s mind is concentrated 
on the subject in hand, with all extrane- 
ous matter shut out. Concentration, in 
turn, is almost subconscious when one’s 
interest is highly aroused. So in the 
last analysis memory depends directly 
on interest, or the will to make oneself 
interested in some specific question. If 
there is an earnest desire to find interest 
in a subject, it will be found; although 
it takes much impelling force of will. 

Ability to remember and recognize 
acquaintances is a paramount part of 
any professional man’s equipment. 
Concentration at the time of introduc- 
tion to a stranger, repetition of his 
name whenever possible, and fixation 
of his features firmly in the memory, 
insure that the name will not slip from 
the mind when it is needed at some 
critical time. 

There are a thousand and one little 
ways like these by which one can aid 
memory development. Though they 
take little time they do take conscious 
effort. But this effort is well worth 
while and everyone should take great 
pains to develop the memory for it 
is in reality the basis of all mental 
processes. 
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RECOMMENDED ARTICLES 


The Still Engine, Marine Engineer- 
ing, April, 1922. 

That interesting development of the 
Diesel engine which works with a steam 
cycle below the piston and a Diesel 
cycle above it is interestingly described 
by Prof. L. B. Chapman of Lehigh 
University. 

The Recovery of Vanadium from 
Roscoelite Ores, Armour Engineer, 
March, 1922. 

Prof. A. H. Carpenter of the Armour 
Institute of Technology describes the 
development of a paying process for 
the extraction of vanadium from Colo- 
rado ores. 
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OPPORTUNITIES FOR THE CLASS OF 1922 


ministrative end of a business, with his 
technical knowledge the engineer can 
often grasp the actual manufacturing 
details necessary for the higher admin- 
istrative positions without the shop ex- 
perience. In other words, he is more 
a specialist in the financial and purely 
business aspects of the business than 
in the actual manufacture. 

The second opportunity is to fill not 
only the same positions as above but 
those of the actual management person- 
nel of the manufacturing phase of a 
concern, such as maintenance engineer, 
chief engineer, plant superintendent and 
manager. To do this, of course, a man 
must start directly in the factory and 
work up. This preparation not only 
enables him to fill the purely manu- 
facturing executive positions, but often 
is the preparation for advancement to 
the administrative positions mentioned 
in the preceding paragraph. 

A third opening is in the offices of 
consulting engineers, mainly offices spe- 
cializing in plant design, power plant 
work, and general construction. The 
usual way for a man to start in this 
branch of the engineering profession is 
either as an inspector on field work or 
a draftsman in the office. 

Lastly, there is my own profession 
of industrial engineering. To my mind 
there is but one way to prepare for 
this; that is, to go directly into a well 
organized manufacturing plant as a 
laborer and work up to at least fore- 
manship, learning in this way the prac- 
tical details of operation in the plant. 
Next, a certain amount of experience 
in the production and cost departments 
is necessary, and after three or four 
years of such experience a man should 
be prepared to enter the offices of a con- 
sulting industrial engineer in a junior 
capacity.” 

During the recent depression when 
industrials were failing by the score, 
public utility corporations, aided by 
greatly reduced construction costs and 
exemption from the ordinary law of 
supply and demand, were able to stage 
some of the most spectacular expan- 
sions in their histories. The American 
Telephone and Telegraph Co. furnishes 
a noteworthy example. Mr. Farley 
Gannett, of Gannett, Seelye & Fleming, 
engineers, Harrisburg, Pa., considers 
the public utility field as one wherein 
lie the greatest opportunities. He cites 
as examples electric power develop- 
ments and water supply companies, 
municipal as well as private, and con- 
tinues: 

“The operation and management of 
water supply companies and water sup- 
ply systems strikes me as a very good 
field for professional engineers. There 
are many important towns in which the 


(Continued from page 37) 


water works are operated without sufh- 
cient technical advice and a great many 
such plants are without permanent tech- 
nical employees. There is a tendency 
today among such plants to employ 
technical men, and I think if I were 
graduating at this time, I would get 
hold of a list of water companies and 
city water works, preferably the former, 
and go after them hard for a job. 

Another line of business in connec- 
tion with public utilities which has not 
felt the effect of the slump very much 
is the valuation of public utilities for 
rate-making purposes, which is largely 
handled by consulting engineering firms 
who specialize in that kind of work. 
This work is well paid and exceedingly 
interesting, as it involves not only engi- 
neering, but accounting and a consider- 
able amount of law. To my mind this 
is one of the best fields for a young 
engineer to enter.” 

And, finally, there is the point of 
view of the newspaperman, in a letter 
from Mr. Jason Rogers, publisher of 
the New York Globe: 

“Every year our business executives 
are offered the services of thousands of 
bright young men and women from our 
colleges and universities, demanding 
opportunity to swing gracefully aboard 
the world of business, industry or pro- 
fessional effort. These young people, 
fresh from years of more or less dili- 
gent effort to acquire education, many 
of them along highly specialized lines, 
more often than not are too confident 
of the immediate value of the knowl- 
edge they have acquired and fail to 
realize the importance of the experience 
element. 

By this I mean that the college grad- 
uate who is willing to take hold of any 
job that offers and work regardless of 
the clock and office hours, can quickly 
distance those working alongside of 
him who lack the training and broader 
conception of things that he possesses. 
It takes a few months or a year for any 
newcomer in business to get the corners 
rubbed off so to speak, and to become 
an effective producer. There is no short 
cut to success or achievement. No one 
can get any more out of a thing than the 
reward that comes for putting all he has 
into it. With his university training as 
a background, he should be able to find 
his way to success in the shortest and 
surest way. 

If the college graduate knows abso- 
lutely the line of endeavor he desires 
to follow and is best fitted for, he has 
a decided advantage over his classmate 
who is uncertain. The business world 
has no time for the college graduate 
who comes looking for a job, stating 
that he merely wants to try out any 


specified line. On the other hand, busi- 
ness men will gladly invest their money 
in the young man who firmly decides 
that he wants to enter a certain line 
and go through to the top. 

Regardless of all the talk to the con- 
trary, there is today abundant and un- 
limited opportunity for every young 
man and woman who is graduating from 
our universities this June, if they are im- 
bued with the spirit of doing and con- 
quering. The country is full of oppor- 
tunity in every line for the young 
people who, ignoring the false theory 
of the six-hour or eight-hour day, will 
pick out their line of endeavor, start 
humbly at the bottom of the ladder, 
and carry on with the full confidence 
that hard work intelligently applied 
will carry them through to the top if 
their ability entitles them to it. 

I have little patience with the large 
industrial institutions which take grad- 
uates in at very low salaries and profit 
through the cheap labor thus obtained. 
But even so, the young man who really 
has it in him can come through right, 
as many have in the past. If a college 
graduate, I would rather tie up with a 
smaller enterprise where wider experi- 
ence would be within the range of 
immediate possibility. 

The newspaper business offers won- 
derful possibilities, the advertising busi- 
ness presents absolutely unlimited 
opportunities, the banking and financial 
field offers marvelous inducements for 
those who will operate conservatively 
and on the line, and so on in the many 
other fields. 

If Henry Ford can come through in 
a country richer than any other on 
earth, others can do the same, accord- 
ing to ability and willingness to work. 
To start right, the student must have 
humility; to succeed, he must be full 
of sound optimism and willingness to 
work and work hard.” 


we Qa» 


The Radio Compass is rapidly com- 
ing into use on the Great Lake fleets. 
The United States Navy has sold from 
its surplus stock many complete instal- 
lations and with the aid of the three 
navy radio compass stations located at 
the so-called “graveyards” of the lake 
at Whitefish Point, Detour Point, and 
Grand Marais cross bearing may be 
obtained at any time. The Radio Com- 
pass has proved of special value in case 
of fog or snow in determining the rela- 
tive position of the ships and ship 
owners are enabled to keep in direct 
communication with the vessels through 
the navy radio relay service. 
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captain wear? 


T DOESN’T need much wisdom to predict that 
next year’s nine will be captained by a °23 
man or maybe a ’24 man. 

This is no affront to underclassmen. Years of 
steady plugging must go before you can handle the 
man-sized responsibility of running a team. 

That this is just, seniors will be the first to assert. 
They haveseen how well it works for team and col- 
lege. Then let the seniors keep this point of view, 
for soon they will find how closely the principle 
applies to themselves in the business world. 

Captains of industry are not made overnight. 
Don’t expect to step into a managership right 
away. Before you can lead, you’ve got to serve 
in the ranks awhile. 

This is best for your organization and best for 
you. The timeand energy you put in working up 
from the bottom, taking the bitter with the sweet, 
getting the upperhand over your job, will stand 
you in good stead when you have won through 
to executive position. 

When you have learned how to handle detail 
work, you can begin intelligently to direct other 
men to do it, and thus free yourself for creative 
planning. 

You who intend to be captains, have patience. 
Your year will come and so will your chance. 


Western Electric Company 


Sige 1869 makers and distributors of electrical equipment 








Number 18 of a series 
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PROFESSOR ROBERT HALLOWELL RICHARDS 


Afier graduation, Richards became 
Assistant in General Chemistry. In 
1869 he was made Instructor in Assay- 
ing and Qualitative Analysis, in 1870 
Assistant Professor of Analytical Chem- 
istry, in 1871 Professor of Mining and 
Assaying, in charge of the mining and 
metallurgical laboratory, and in 1873 
Professor of Mining Engineering in 
charge of the mining and metallurgical 
laboratory. From this time until he 
retired as Professor Emeritus in 1914, 
he was head of the Department of 
Mining Engineering and one of the 
staunchest members of the faculty, of 
which he was secretary for five years, 
beginning in 1878. 

In 1875, Prof. Richards married 
Ellen Henrietta Swallow and after her 
death he married Lillian Jameson in 
1912. Among the honors which have 
come to him in his profession, the fol- 
lowing are mentioned here. He was 
President of the American Institute of 
Mining and Metallurgical Engineers in 
1886, after having served as Vice Presi- 
dent in 1879 and 1880, and was elected 
to Honorary Membership in 1911. The 
degree of LL.D. was conferred upon 
him in 1909 by the University of 
Missouri, and in 1915 he was awarded 
the Gold Medal of the Mining and Met- 
allurgical Society of America for dis- 
tinguished services in the advancement 
of the art of ore dressing. 

The remarkable qualities of the 
teacher are shown in Prof. Richards, 
known affectionately among the stu- 
dents, as “Bobby,” by the following 
quotation from one of his former stu- 
dents, who was afterwards engaged as 
an assistant in the preparation of his 
great work on Ore Dressing. 

“I marvel more and more at the 
wonderful resources of this man. He 
is whole-souled, generous, _ broad- 
minded; he has the fine faculty of 
listening to a man until he is through 
talking, although the man may be tell- 
ing what he already knows, or what he 
knows is false or absurd. His methods 
of attack are excellent, and laying-out- 
methods of work help him greatly. He 
grasps the situation quickly if presented 
graphically, but he is a very slow 
reader.” 

Prof. Richards says that his chief in- 
spiration came from President Rogers 
and Prof. Storer, and from Hugh 
Miller’s book “My Schools and School- 
masters.” He was never much _ inter- 
ested in discussing the details of what 
a mining engineer should study but he 
holds that principles should be taught 
and if they are thoroughly taught. then 
the student is prepared, upon gradua- 
tion, to undertake, after due practical 
experience, the successful solution of 
any problem in his profession. 


(Continued from page 41) 


The Mining and Metallurgical Labor- 
atory came into existence in 1872. To 
Richards, then Assistant Professor of 
Analytical Chemistry, was assigned the 
duty of creating the laboratory, al- 
though it was to the inspiration of Presi- 
dent Rogers that the idea owed its in- 
ception. President Runkle made a trip 
west over the newly completed Union 
Pacific Railway in 1870 and visited 
many mining and metallurgical plants. 
This trip was followed the next summer 
by an excursion, headed by Rurkle, 
made up of five members of the in- 
structing staff, including Richards, and 
fifteen members of the student body. 
On this trip there were visited the iron 
mines in Missouri, the mining towns of 
Golden, Black Hawk, Central City, 
Georgetown, and Idaho Springs in Col- 
orado. There the party divided and 
Richards went with Ned Rollins on a 
side trip to the Laramie plains in Wyo- 
ming. The remainder of the party con- 
tinued with Runkle to Salt Lake, Utah, 
and Gold Hill and Virginia City. Ne- 
vada, thence to Grass Valley and San 
Francisco in California. While on 
this trip the arrangements were made 
for the purchase of machinery for the 
mining laboratory. President Runkle 
left Bradford H. Locke, a student in 
the fourth year class at Grass Valley, 
and Charles O. Parsons, a student in 
the third year at Virginia City, to work 
in the mills at those places and to re- 
turn later to help Richards in founding 
the laboratory. 

Meanwhile, Richards, upon his re- 
turn to the East, went abroad and 
visited the famous German mining 
schools at Freiberg and Clausthal and 
the concentrating mills nearby. At 
these places he found German students 
working in the mills two weeks at a 
time. They visited the concentrators 
and looked on, but had no opportunity 
to try things for themselves or to get 
the experience which is gained by put- 
ting the machine out of adjustment and 
then bringing it back. His observa- 
tions here convinced him more than 
ever of the importance of laboratory 
equipment for teaching purposes and 
in planning the new laboratories he 
avoided the German method and de- 
veloped the entirely new “Technology” 
idea. Richards went abroad again in 
1876 and on that trip visited the tin 
mines and concentrating mills in Corn- 
wall, England, the lead districts in 
Scotland and North Wales, and the lead 
mines and concentrators at Mechernich, 
Germany. 

These were the historic incidents in 
the creation of the first laboratory of 
mining and metallurgy of its sort in 
the world, an enterprise which ante- 
dated any other of its kind in the United 


States by ten years. An early catalogue 
gives the following information regard- 
ing it: “The mining laboratory con- 
tains a fifteen-horse-power engine, a 
five-stamp battery of the form in use in 
Colorado and on the Pacific coast, an 
amalgamating pan, settler, and con- 
centrator of the kind used in the Washoe 
process in California and Nevada, for 
the treatment of silver and gold ores, 
a Blake crusher, a Whelpley and Storer 
pulverizer, a Rittinger automatic shak- 
ing-table, a hand-jigger, a Freiberg 
shaking-table, and a Sturtevant pres- 
sure-blower. The metallurgical labora- 
tory contains blast and reverberatory 
smelting furnaces, a roasting furnace, a 
furnace for cupellation, furnaces for 
fusion, and crucible and muffle assay 
furnaces.” 

This is the beginning from which the 
present laboratories of both ore dress- 
ing and metallurgy were developed. 
The fundamental idea which differed 
from anything which had _ heretofore 
been done was to combine in the ma- 
chines and furnaces: size which would 
match full-scale machines in the qual- 
ity and character of their work, useful- 
ness secured by modification of the ma- 
chines so that the weighing and count- 
ing of products was strictly possible, 
adaptation to teaching, whereby it was 
possible to operate the machines under 
different conditions with changes sub- 
ject to the will of the student, adapta- 
tion to research or testing. In_ this 
latter division it is to be remarked that 
a great amount of research has always 
been done by Prof. Richards in these 
laboratories, not alone because of the 
service he was able to render the pro- 
fession, but for the dignity thereby lent 
to the work of the student. In all this 
he has set the work of teaching first, 
as expressed in the rule that “the stu- 
dent has the right of way.” 

It was in 1893 that R. P. Rothwell, 
then editor of the Engineering and 
Mining Journal, called on Prof. Rich- 
ards and asked him to write a book on 
ore dressing. Richards thought a year 
to experiment, a year to visit the plants, 
and a year to write the book would see 
the undertaking finished. Rothwell 
wanted it in four months. But Rich- 
ards found that there was so much 
which he did not know and which no- 
body else knew, that he began experi- 
menting concurrently with the search- 
ing of literature and in 1895 he set out 
to visit mills and, accompanied by sec- 
retaries, he made an extended trip 
through Michigan, Missouri, Colorado, 
Montana, and California. He was won- 
derfully fitted and equipped by experi- 
ence to do this work. The development 
of the experimental laboratories, the 

(Continued on page 56) 
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Breaking Ground by dire-setting 


The ancients “blasted” by fire-setting— 
slow, laborious, dangerous, -and ineffectual. 


Describing Hannibal’s crossing the Alps in 
218 B. C., Livy says: “The cliff heated by 
fire was broken by iron tools so that not 
only the beasts of burden but also the 
elephants could be led down.” 


In “De Re Metallica” (1546) Agricola ex- 
plains the early fire methods in detail—how 
the sticks were prepared; how these were 
piled against the face of the rock; how the 
fire softened or cracked the stone for a 
certain depth; and how water was some- 
times dashed on the heated rock, which 
was shattered by the sudden and uneven 
cooling. Even as late as the 17th century, 
fire setting was practised, and an advance 


Allentown, Pa. Chicago, Ill. Hazleton, Pa. 
Birmingham, Ala. Denver, Colo. | Huntington, W. Va. 
Buffalo, N. Y. Duluth, Minn. Joplin, Mo. 
Chattanooga, Tenn. Los Angeles, Cal. 


of 5 feet per month in headings was often 
considered good. 


In May 1921, a contractor drovea total of 942.3 
feet in 44' x 6! drifts and crosscuts, using Her- 
cules Dynamite. An average of 11 feet advance 
was made per machine shift with a dynamite 
consumption of 8.7 pounds per lineal foot. Ex- 
plosives have made possible greater results in 
eight hours than our ancient brethren accom- 
plished in a month. 


For years we have recommended the use of 
Hercules Special No. 1 and Hercomite for many 
kinds of work because of their high cartridge 
count, and low cost per cartridge in comparison 
with other dynamites. No high explosive on the 
market is more economical. 


A lesson on explosives economy is contained in 
our booklet, “Volume vs. Weight”. Write to our 
Advertising Department, 942King Street, Wil- 
mington, Delaware, for a copy. 


COMPANY 


Louisville, Ky Pittsburgh, Pa. Salt Lake City, Utah 
New York City Pottsville, Pa. San Francisco, 
Norristown, Pa. St. Louis, Mo. Wilkesbarre, Pa. 
Pittsburg, Kan. Wilmington, Del. 
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Turn Tables move easier 


Turn Tables and other slow mov- 
ing machine parts areturnedeasily 
under the heaviest loads when 
Auburn Ball Bearings areinstalled 
to reduce the starting friction. 
Mail sketch of your problem and 
get the Auburn Answer. Data 
sheets sent on request. 


Steel, Brass and Bronze Balls 


AUBURN BALL BEARING CO. 
44 Elizabeth Street 
Rochester, New York, U.S. A. 
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New England States Manager 
GEORGE W. STETSON 


141 Milk Street 
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HARDWARE, PAINTS 
AND OILS 


In Winter or Summer 


Improved Process 


Economy Grease 


never changes its original consistency. It 
is manufactured from Pennsylvana re- 
fined mineral oil and contains absolutely 
no fillers such as soap stone, asbestos, 
tale, clay, rosin, etc., of which so many 
cheaper greases are made up. 

Do not just “get by” on your lubrica- 
tion. Take pride in the quality of the 
lubricant in your plant. You will find 
that in the long run you will save your- 
self a great deal of worry and bother and 
that your machinery will serve you better 
and longer. 

Economy is used at the M.I. T. Power 
Plant as well as by New England’s 
largest machinery manufacturers, textile 
mills, ete. 

We emphas‘ze service, most orders 
leaving our factory with'n a few hours 
after their receipt. 


Established 1909 


Economy Lubricating Co. 
Sole Manufacturers 


Harry H. Atkinson, Proprietor 


Works and Office 
Charlestown 29, Boston, Mass. 
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MOTOR FUELS 

(Continued from page 40) 
able, or at which condensation would 
begin from a mixture in which the fuel 
was originally completely vaporized. 
Due to the high velocities obtained in 
the manifold, it is impossible to effect 
complete vaporization by simply heat- 
ing the mixture stream. In order to get 
the heat for vaporization where it is 
needed, namely into the liquid itself, 
it is necessary to make use of some 
special device such as the “hot spot” or 
the “fuelizer.” 

The hot spot is a big step forward 
in improving the operation of an engine 
after it has been started and has run 
long enough to have been thoroughly 
warmed up. During the starting period, 
however, the walls of the inlet passages, 
cylinders, valves, and other parts of 
the engine coming in contact with the 
fuel, are cold. Only a small part of 
the fuel is vaporized, the remainder be- 
ing carried along as slugs of liquid into 
the cylinders where a good portion of it 
works past the rings into the crankcase 
oil. Often it is necessary to pump as 
much as a half pint of raw liquid 
through an engine on a cold morning 
before it is warmed up enough to run 
unchoked. The heavy fuel working into 
the crankcase dissolves in the lubricat- 
ing oil and, not being sufficiently vola- 
tile to evaporate at the temperatures in 
the crankcase, keeps accumulating and 
diluting the lubricant. It is no uncom- 
mon thing for an engine, even in good 
mechanical condition, to “make” oil in 
the winter time. Crankcase dilution is 
a serious matter, since it requires but 
ten ‘per cent kerosene added to a lubri- 
cating oil to lower the viscosity to less 
than half of its original value. De- 
creased viscosity means increased wear 
on the motor parts, and, if allowed to 
go too far, results in rapid deteriora- 
tion of the engine. 

There are two conceivable ways by 
which excessive dilution may be pre- 
vented. One method would be to equip 
the motor with some form of exhaust 
heated still which would boil fuel frac- 
tions out of the lubricant. Such a pro- 
cedure suffers from the fundamental 
drawback that, as the fuel fractions be- 
come heavier, not only does their vola- 
tility decrease, but their solubility in 
the lubricant increases. This demands 
heating to a high temperature in order 
to effect separation which would in- 
volve a multitude of difficulties due to 
carbonization of the oil and consequent 
clogging of the system. 

The more logical way to overcome 
the difficulty is to prevent the liquid 
fuel from ever reaching the crankcase. 
As it is improbable that anyone will 
ever perfect a one hundred per cent 
tight piston ring, the only way of ac- 
complishing this result is to completely 

(Continued on page 60) 
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BRINGING MORE DAYLIGHT INTO INDUSTRIAL 
BUILDINGS. 


Dr. George M. Price, writing on “The Importance of 
Light in Factories,” in “The Modern Factory,” states: 
“Light is an essential working condition in all industrial 
establishments, and is also of paramount influence in the 
preservation of the health of the workers. There is no 
condition within industrial establishments to which so 
little attention is given as proper lighting and illumination. 
Especially is this the case in many of the factories in the 
United States. A prominent investigator, who had exten- 
sive opportunities to make observations of industrial es- 
tablishments in Europe as well as in America, states: “I 
have seen so many mills and other works miserably 
lighted, that bad light is the most conspicuous and general 
defect of American factory premises.” 

“My own investigations for the New York State Fac- 
tory Commission support this view. In these investigations 
it was found that 36.7% of the laundries inspected, 49.2% 
of the candy factories, 48.4% of the printing places, 50% 
of the chemical establishments, were inadequately lighted. 
There was hardly a trade investigated without finding a 
large number of inadequately lighted establishments.” 

Inadequate and defective lighting of industrial build- 
ings is not confined to the establishments in New York 
State alone. The same conditions prevail in most sections 
of the country. 

Such conditions as mentioned above are entirely op- 
posed to the laws of health, sanitation and efficiency. 
Wherever poor lighting conditions prevail, there must be 
a corresponding loss of efficiency and output both in qual- 
ity and in quantity. American industry is not using nearly 
enough daylight and sunlight in its buildings. Every 
endeavor should be made to use as much as possible of 
daylight for lighting purposes. To obtain this it is of 
course necessary that the rays of daylight and sunlight 
are permitted to enter the interior of the buildings as 
freely as possible, with the important modification that 
the direct ‘rays of the sun must be properly diffused to 
prevent glare and eyestrain. A glass especially made for 
this purpose is known as Factrolite, and is recommended 
for the windows of industrial plants. Windows should be 
kept clean if the maximum amount of daylight is to pass 
through the glass, but the effort will be well repaid by 
the benefits secured. 

In the presence of poor lighting, we cannot expect 
men to work with the same enthusiasm as when a well 
lighted working place has been provided. The physica! 
surroundings have a deep effect upon the sentiments of 
the employes, and where bad working conditions are al- 
lowed to prevail, there is invariably a lessening of raorale 
and satisfaction created thereby. Neglecting to utilize 
what nature has so bounteously provided, daylight, and 
which is so essential toward industrial efficiency, we have 
an instance of wastefulness, but now that the importance 
of good lighting is becoming recognized, undoubtedly more 
attention will be given by progressive industrial employ- 
ers to furnishing the means which are essential for their 
workers to secure and maintain the efficiency, which counts 
for so much in the success of any industrial concern in this 
competitive age. 

If you are interested in tue distribution of light 
through Factrolite, we will send you a copy of Laboratory 
Report—“Factrolited.” 


MISSISSIPPI WIRE GLASS CQ, 
220 Fifth Avenue, 
St. Louis. New York. 
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High and Low Pressure 


The traditions of a century of quality 
manufacture are squarely behind Libbey 
Gauge Glasses—an American product 
worthy the respect of the world. 


Libbey High Pressure Glasses are guar- 
anteed unconditionally to be uniform in 
size, to withstand steam pressures of 400 
pounds, as well as sudden and radical 
changes in temperature; to remain crys- 
tal clear and transparent in service. 


Libbey High Pressure Gauge Glasses have 
passed rigid railroad and other tests even 
more severe with a perfect score. They 
are made with fused ends. 


Libbey Low Pressure Gauge Glasses are 
absolutely uniform in size and of the very 
finest quality; guaranteed to withstand 
pressures up to 200 pounds. 





We welcome inquiries for prices or literature 


THE LIBBEY GLASS MFG. CO.,Toledo, O.,U.S.A. 
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PROF. RICHARDS 
(Continued from page 52) 


early years spent in solving elementary 
problems, and the later years in fixing 
the fundamentals of research which he 
expressed in the formula, “observe, 
record, collate, conclude,” prepared 
him for the work he now was under- 
taking. 

In the mills he found so much diver- 
gence in practise disclosed, even in the 
same district, that he found it impossi- 
ble to adopt any rule and therefore 
described everything as he found it. 
Many questions arose as to the prac- 
tise and a series of investigations were 
undertaken by Prof. Richards and his 
assistants to find answers. 

The first two volumes of the treatise 
on Ore Dressing took ten years and 
were published in 1903. The develop- 
ment of the art of ore dressing was 
rapid at this time and notable improve- 
ments were made by the invention of 
new machines. In 1905, Prof. Richards 
started to write an appendix and when 
he had finished in 1909, he had two 
more volumes as large as the first two. 
Thus, Ore Dressing comprises four 
volumes and runs into more than two 
thousand pages, with 640 tables and 860 
drawings. This work entailed an actual 
cash expenditure, out of Prof. Richards’ 








ACCURACY 


If your printed brochures, 
treatises and bulletins are to be 
of any value they must be fully 
as accurate in text and tllustra- 
tion as the machines, materials 
or processes which they describe. 





For more than twenty years 
this Company has advanced 
through its ability to supply 
accuracy in all forms of printed 
matter at the most economical 
cost. 


Perry & Elliott Company 
146 Summer Street 
Boston, Mass. 
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own pocket, amounting to $20,000, 
without counting any of his own time. 
The Textbook of Ore Dressing, pre- 
pared for school use and published in 
a single volume, was written concur- 
rently with the preparation of the last 
two volumes of the treatise and it was 
also published in 1909. 

At the Annual Meeting of the Mining 
and Metallurgical Society of America 
in January, 1915, the award of the 
Gold Medal of the Society to Prof. 
Richards in recognition of his services 
in the advancement of the art of ore 
dressing was announced. The presen- 
tation of the medal took place a few 
weeks later. 

The Engineering and Mining Journal 
comments editorially upon this event as 
follows: “Prof. Richards was the first 
to create the system of mining and 
metallurgical instruction with the aid 
of a laboratory, equipped with working 
machines, wherein the students were 
taught to execute the lessons of the 
lecture-room; and thus blazed a trail 
in technical education which other 
teachers were glad to follow, which 
now they have converted into a broad, 
well-marked road. For this, if for 
nothing else, Prof. Richards is entitled 
to the thanks of the profession. 

“But in the specialty that he has 
made his own—ore dressing, or the 
mechanical concentration of ores—he 
has rendered service of equally altru- 
istic character but far broader scope. 
He has been a developer of principles 
in an art that was destined to become 
the premier in importance, a codifier 
cf its rules, and the exponent of both 
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theory and practice in a field that was 
practically uncharted. His monumental 
treatise on ore-dressing was not only 
the first in the English language, but for 
many years it was the only one and is 
still the principal one. 

“Prof. Richards has been essentially 
a teacher, but he has been able to put 
his teachings into practice and has in- 
vented two noteworthy machines—the 
Richards pulsator and the Richards jig 
—which have come extensively into use. 
It is sincerely to be hoped that Prof. 
Richards will reap a larger material 
reward from these valuable inventions 
than yet he has gained. But through- 
out his life his personal interests have 
ever been subordinated to those of his 
work as a teacher and as a guider of 
men. To such leaders come rewards 
of a kind that money cannot -buy.” 

The name of Robert Hallowell 
Richards is known wherever men hoist 
crude ore out of the mines and dump 
it into mill bins. He possesses a thou- 
sand disciples among the men trained 
under his guidance and from him they 
learned not only things mining and 
metallurgical, to which he gave so much 
enthusiasm, but all those fine qualities 
of character, his rugged simplicity, his 
generosity and kindness. We salute 
him, guide, philosopher and friend! 
May he live long and find continued 
joy in the love and esteem of a host 
of loyal friends! 
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—Annual convention and exhibit in 


Rochester, N. Y., June 5-9. 
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Harry Phillips Davis 


Those who have given their lives and their 
hearts to the service of the electrical art have 
early learned that success with larger things is 
assembled out of devoted care to the lesser de- 


tails. Indeed, they will go further, and demon- 
strate that the little achievements of today are 
the fundamentals that become the big things of 
tomorrow. Just as Willie Hoppe, the great 
billiardist, will tell you that there is no such 
thing as an easy shot in billiards, so electrical 
specialists have found that frequently the seem- 
ingly big conceptions have depended on the per- 
fection of details that those unfamiliar with 
electrical history would often mistakenly regard 
as unimportant. 


Thus the growth of Westinghouse, and of the 
great industry of which it is a part, has been 
compounded of many ingredients; of vision that 
saw present needs and future requirements, of 
engineering genius that could bring forth prac- 
ticable designs to fill them, of courage that never 
failed to try once more, of enthusiasm, and in- 
tegrity, and faithfulness to the little and the 
little-known jobs as well as to those that were 
bigger and more pretentious. Westinghouse has 


always had a need, and a welcome, for men who 
could supply such qualities. 


Westin 





It is the daily expression of qualities like these 
that earns a man the regard, as well as the re- 
spect, of those who work with him. 


Perhaps the foregoing may suggest some of the 
causes that lie behind the success, and this ap- 
preciation, of Harry Phillips Davis, Vice Presi- 
dent in executive charge of all Westinghouse 
production and engineering activities. During 
the thirty-odd years of his service he has con- 
tributed consistently to electrical progress, not 
only by his work on arc lights and meters and 
transmission apparatus, but by his effective and 
loyal attention to the detailed requirements of 
the many activities with which he has been 
associated. 


Mr. Davis has a reputation for getting things 
done, regardless of difficulties. His construc- 
tive abilities have carried him far, his contribu- 
tions to the electrical art have greatly aided in 
the maintenance of the engineering supremacy 
which is the Westinghouse ideal, and he is rec- 
ognized, with particular emphasis, as one of those 
to whom is due the development of methods for 
the quantity production of first-grade electrical 
apparatus. 


house 
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BRAZIL 
(Continued from page 44) 
mines were worked on a considerable 
scale during the eighteenth and early 
part of the nineteenth centuries, prob- 
ably by slave labor, because assays of 
the ores yield results which indicate 
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that they could not be profitably oper- 
ated today with modern methods and 
our present labor costs. 

The St. John del Ray Mining Com- 
pany now operates the Morro Velho, 
the deepest mine in the world, which 
is located not far from this range. The 
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mine is entered by a series of vertical 
shafts and cross cuts. An inclined shaft 
was started at one time but abandoned 
because of a change in dip of the ore 
shoot. All underground hoists are oper- 
ated by air, but electricity is being 
considered. Electric tramming is being 
installed. Despite the great depth and 
a rock temperature of one hundred and 
seventeen degrees at the bottom, the 
mine is for the most part, surprisingly 
comfortable. An additional installation 
is being planned, consisting of another 
exhaust fan half way down the shaft 
and a surface plant capable of reducing 
eighty thousand cubic feet of air per 
minute from an initial wet-bulb tem- 
perature of seventy-two to forty-three 
and a half degrees fahrenheit. It is 
expected that with this completed the 
maximum wet-bulb temperature will 
not exceed eighty-two degrees. 

The manager, Mr. George Chalmers, 
is a mechanical genius and has installed 
numerous labor-saving devices. They 
include cone settlers, tube mills, cyan- 
iding, the recovery of zinc, and the 
making of a salable arsenic product. 
At least the arsenic was salable until 
the Brazilian Government increased the 
export tax. 





POWER HOUSES AT PETROPOLIS 
The many waterfalls in Brazil make electric power 
an important asset. 


Before the war, Americans had op- 
tions on several mining properties. 
When the war came, it left no finances 
for these purposes and the options were 
allowed to lapse. With the resumption 
of normal relations it is to be hoped 
that they will be taken up again. 

The favorite word in Brazil is pa- 
ciencia (patience). Though it is sug- 
gestive of the Mexican manana when 
coupled with perseverance it usually 
wins in the end. There have never been 
any revolutions in Brazil worthy of the 
name. The people of the country made 
an effort to be real allies in the war. 
If we of the United States can go down 
there and, with due regard to their cus- 
toms and patience, furnish a little en- 
ergy and perseverance, the combination 
should be mutually helpful and even- 
tually hard to beat. 
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applications of Feralun. 
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For tread surfaces of more distinction and beauty 
and particular qualities, bronze and aluminum 
are used instead of iron as the metal into which 
the abrasive is cast. 
Send for Samples 
AMERICAN ABRASIVE METALS CO. 
50 CHURCH STREET, NEW YORK CITY 








Good Equipment is Worthless 
Without Good Lubrication | 


HE efficiency of machinery can never be greater than the efficiency 

of its lubrication. 

Lubricants which hurry equipment to the scrap pile — lubricants 
which require constant attention and application — lubricants whose con- 
tinual dripping spells undue waste and fire risk are not efficient. 

Cutting out waste and increasing output are the big problems of the 
present day. Proper lubrication solves both problems and 
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GREASE 
THE MASTER LUBRICANT 


is the proper lubricant. 

It’s saving time, labor, equipment and money in many of America’s 
greatest industrial plants. Its density is unaffected by extremes of heat 
and cold. It is insoluble in water and impervious to outside chemical 
attacks. 

Write for our new booklet ‘‘Ten Good Reasons for Using Keystone 
Grease.” 


Keystone Lubricating Co. 
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where Atlas Non-Freezing 
is used 


Atlas Non-Freezing Explosive will not cause 
headaches from handling. Think what this 
means to blasters who have endured for years 
the sickening headaches caused by certain 
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Printing 


Tue MURRAY PRINTING 
COMPANY is located at Kendall 
Square, Cambridge, in its own 
modern and commodious building, 
with a plant that is efficient in 
every detail. The firm has been 
established one-quarter of a cen- 
tury and handles the printing of 
catalogues, periodicals and tech- 
nical books. The firm’s list of 
customers includes many large 
manufacturers and publishing 
houses of New England. 
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MOTOR FUELS 
(Continued from page 54) 

vaporize the fuel before it reaches the 
cylinder. It would seem that the proper 
way to accomplish this would be to 
completely evaporate the fuel before 
its admixture with the air. If some con- 
densation were then to take place, no 
great harm would result, as the fine 
particles of the fog so produced would 
not have time to agglomerate sufficiently 
to form the slugs ‘of liquid which work 
down the cylinder walls. Though some 
small amount of fuel might dissolve in 
the oil, such a process would be ap- 
proaching the problem from the correct 
side of the equilibrium between the air 
and the fuel, and it would be possible 
to obtain a good degree of volatilization 
and satisfactory distribution without 
resorting to the excessive heating of the 
mixture that is required in many 
present-day induction systems. Great 
strides have been made within the last 
few years toward the solution of this 
problem of starting with fuel of low 
volatility, and it is only reasonable to 
expect that before long distributing de- 
vices will have been developed to the 
point of satisfactorily coping with the 
difficulties existing in supplying low 
grade fuels to the motor. 

The indications are, that not only is 
it futile to hope for more volatile fuels 
in the future, but that we may expect 
to be forced to use even less volatile 
ones. Certainly the importance of the 
problem is great enough to justify 
heroic measures in its solution, and 
the cars built in the future must have 
adequate provision for the satisfac- 
tory handling of heavy fuels of low 
volatility. 

vo Gann 

A Dry Cell Vacuum Tube, which can 
be operated ninety-five days on a num- 
ber six dry cell, if the average daily 
use of the tube is one hour, has recently 
been developed. This tube requires a 
potential of but one and one-tenth volts 
and a current of two-tenths amperes, 
amounting to a power consumption of 
less than a quarter of a watt. The fila- 
ment is platinum, coated with certain 
oxides, the thickness of which is about 
one- eighth that of a piece of tissue 
paper, and the width about one-hun- 
dredth of an inch. 
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THRUST BEARING 
(Continued from page 45) 
coefficient of friction because of higher 
unit pressure, and less friction due to 
better fit and alignment. The running 
friction in a ball bearing is no less than 

in a good babbitted bearing. 
Thus we have a bearing which ful- 
fills the exacting requirements in that 
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it has a low friction loss, is capable of 
carrying great weight, holds its rotating 
parts in good alignment and is easy to 
build. Such a bearing has made it pos- 
sible to support the rotors of large 
hydro-electric generators, which weigh 
from two hundred to five hundred 
pounds. Another application of this 
bearing is to propeller shafts where a 





CHAUNCY HALL SCHOOL 


EsTABLISHED 1828 


THE SCHOOL THAT CONFINES ITSELF EXCLUSIVELY 
TO THE PREPARATION OF STUDENTS 
FOR THE 


Massachusetts Institute of Technology 


553 BoyLsSToN STREET 
Boston, Mass. 





FRANKLIN T. Kurt 
Principal 














Starkweather & Broadhurst, Inc. 


BOSTON 


SALES ENGINEERS 


for 


Power Plant Apparatus 


Established 1870 





77 SUMMER STREET 


THE WARREN SOAP 
MANUFACTURING COMPANY 


Textile Soaps 








Incorporated 1890 


BOSTON, MASSACHUSETTS 

















May, 1922 


large thrust must be taken, and relia- 
bility of operation secured. 

Thrust bearings of this type on ma- 
chines having small vertical clearances 
have their springs initially compressed 
so as to avoid movement of the rotor 
under variable water thrust. The com- 
pression given the springs is equal to 
that at full load, but if any high local 
pressure occurs on the plates the 
springs directly below it will depress 
and relieve this pressure so that drag- 
ging of the babbitt will not occur. Each 
spring might be said to act like a relief 
valve for the pressure on the part of 
the plate directly above it. 

Bearings with initially compressed 
springs are also used for transmitting 
the thrust on propeller shafts. The 
U.S.S. Salem is equipped with two such 
bearings, each transmitting ten thous- 
and horse power. These were instaled 
in 1917 and have given good service 
since that date. 

The largest bearing for a hydro-elec- 
tric installation is now being built for 
the Queenston-Chippewa station of the 
Ontario Hydro-Electric Commission. 
The generators in this station are of 
forty-five thousand kilowatt capacity 
and the bearing is to support a weight 
of nearly a million pounds. The plates 
are sixty-nine inches outside diameter 
and thirty-two and one-half inches in- 
side diameter, with 672 springs. 

Surely we can say that the engineers 
that developed this bearing have helped 
along a very great deal the development 
of larger machines and greater capacity 
units, : 
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mixer performance is the greatest Se a nig 
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job—as beyond question it is— 
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in a mixer is Koehring experienced 

engineering and Koehring heavy 

duty standards in design and con- 

struction—Koehring’s downright re- 
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your risk of time and profit losses. 
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Construction Mixers: 10, 14, 21, 28 cu. ft. mixed 
concrete, steam and gasoline. Write for catalogC 22. 
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foundations, etc. 4 and 7 cu. ft. mixed concrete, 
steam and gasoline. Power charging skip, low charging 
platform, batch hopper, light duty hoist. Write for 
catalog D 22, 
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OR sixty years Sturtevant has been harnessing the air for 

power. It is Sturtevant shop practice to build each machine 
with a reserve in excess of maximum requirements. This is 
why Sturtevant apparatus is longer-lived and can do the work 
that other air machinery ‘‘falls down’ on. 


Machines have been perfected which range in size from those 
supplying air for cleaning carpets in a home to giant blowers 
powerful enough to boost the gas pressure for a whole city. 


A New Method of Drying Improving the California 
the Face and Hands 1 Climate 


Individual _ ill The fame of California’s 
papertowels ff (iim P=} | climate is world-wide. But 
became popu- )higpmll., Yi i even in California some 
lar because of JUgMUli Fl] # ll me Gate days are better than 
the sanitary ie WL others. 
sieensace? Ep Se the Califia Ane 

i, ciated Raisin Co. decided 


linen towels it the vent. Dry 
e * ; 1 eu, # > . 7 . . az 
But Sturtevant vi warm air ab- that their Sun-Maid Rom 
ep Th ins needed the ideal day’s 


devised even a - ” sorbs all the - 

better method of drying water and conditions of temperature 

the face and hands. leaves the face and hands seein and humidity throughout 
Sturtevant equipment, thoroughly dry. al the entire year. 

hidden from view, forces This system is less ex- eS ; 

a gentle current of dry, pensive than the use of A Sturtevant Air Con- 

warm air into a Hand and __ towels for offices, factor- ditioning System was in- 

Face Dryer located in the ies, swimming pools, and stalled. Any _ one who 

wall. The person using clubs. And it is impos- tastes Sun-Maid Raisins 

this dryer simply releases sible to dry the face and will know that they are 

a foot pedal and holds his hands in a more sanitary } } dried in a wonderful cli- 

hands and face in front of manner. TAL AANA | mate. 


Making climate to order is an important phase of Sturtevant’s business. It is 
responsible for better working conditions and products in hundreds of different 
industries. 


B. F. STURTEVANT COMPANY 


HYDE PARK, BOSTON, MASS. 


STURTEVANT BRANCH OFFICES 


ATLANTA, GA. DALLAS, TEXAS NEW YORK, N. Y. : SAN FRANCISCO, CALIF, 
306 Walton Bldg. 3411 Knight St. 52 Vanderbilt Ave. 759 Monadnock Bldg. 
BOSTON, MASS. DETROIT, MICH. PHILADELPHIA, PA. SEATTLE, WASH. — : 
555 Mass. Trust Bldg. 406 Marquette Bldg. 135 No. Third St. _ 1105-1106 White Bldg. 
BUFFALO, N. Y. HARTFORD, CONN. PITTSBURGH, PA. Te a aa 
100 Bedford Ave. 36 Pearl St. 711 Park Bldg. ree an &. 
KANSAS CITY, MO _ sa B. F. STURTEVANT CO. 
CHICAGO, ILL. ANDSZ 9 NLU. ROCHESTER, N. Y. OF CANADA, LTD 
530 So. Clinton St. 707 Mutual Biig. 1024 Granite Bldg. GALT, ONT. ~ 
CINCINNATI, OHIO LOS ANGELES, CALIF. ST. LOUIS, MO. MONTREAL 
610 Fourth Nat’l Bank Bldg. 411 Hollingsworth Bldg. 2086 Railway Exchange Bldg. 404 New Birks Bldg. 
CLEVELAND, OHIO MINNEAPOLIS, MINN. SALT LAKE C.TY, UTAH TORONTO 
436 Guardian Bldg. 804 Met. Life Bldg. 818 McIntyre Bldg. 210 Lumsden Bldg. 
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‘Take It From The Air 


OT only music, but news, speeches, messages 
of every sort, are today being picked out of 
the air. 


‘‘How has this come about?”’ we ask. 


The new impetus given to radio development may 
be definitely associated with the development of the 
high power vacuum tube, for that made broadcasting 
possible. And the power tube originated from a 
piece of purely theoretical research, which had no 
connection with radio. 


When a scientist in the Research Laboratories of 
the General Electric Company found that electric 
current could be made to pass through the highest 
possible vacuum and could be varied according to 
fixed laws, he established the principle of the power 
tube and laid the foundation for the “‘tron”’ group of 
devices. 


These devices magnify the tiny telephone currents 
produced by the voice and supply them to the 
antenna, which broadcasts the messages. At the 
receiving end, smaller ‘‘trons’’, in turn, magnify the 
otherwise imperceptible messages coming to them 
from the receiving antenna. 


Great accomplishments are not picked out of the 
air. Generally, as in this case, they grow from one 
man’s insatiable desire to find out the ‘“‘how” of 
things. 


Scientific research discovers the facts. Practical 
applications follow in good time. 


General@Electric 


General Office C oO mm P a ny Schenectady, N. Y. 


95-502HD 














